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ABSTRACT 


This  is  a  final  report  of  the  analysis,  dssign,  manufactura,  and 
tast  of  altarnata  armament  firec  from  tha  M551  Vabicla.  Problam  areas 
are  discussed  and  solutions  noted.  Four  systems  ware  fired.  One  each 
of  76mm  and  105mm  with  a  hand  operated  breach,  and  one  each  of  76mm 
and  lOSmo  with  a  semi-automatic  breech.  The  recoil  mechanisms  used 
were  the  M76  and  the  one  used  with  the  M81E12  Cannon  in  the  M551 
Vehicle.  All  firings  were  instrumented  and  a  sunset ion  of  test  re¬ 
sults  are  tabulated.  Any  one  of  these  systems  could  be  optimized  to 
be  used  in  the  M551  Vehicle. 
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FOREWORD 


This  work  was  conducted  in  support  of  ths  Army  Waapons  Command 
and  tha  Sheridan  Shillelagh  Project  Manager. 

Support  from  outside  agencies  was  vital  and  promptly  executed. 

The  many  departments  of  AWC  were  especially  helpful  in  furnishing  in¬ 
formation,  drawings,  hardware,  and  other  technical  data  not  available 
at  RIA.  Watervliet  Arsenal  furnished  information  and  the  XM180  Gun. 
Pioatinny  Arsenal  manufactured  inert  warhead  76mm  M352A1  rounds  on 
short  notice  so  that  test  firings  could  stay  on  schedule.  The  author 
also  wishes  to  acknowledge  Jerry  Frantz  of  the  Research  6  Analysis 
Section  for  the  computer  progrmns  and  Diok  Holzworth  of  Combat  Vehicle 
Section  for  the  calculations  found  in  the  appendix.  The  work  accom¬ 
plished  by  Rock  Island  Arsenal,  in  the  short  time  required,  could  not 
have  been  completed  without  the  support  of  the  team  effort  stated  above. 
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OBJECT 


To  r apart  on  the  work  completed  by  Rock  Island  Arsenal  from  24  Feb¬ 
ruary  1967  to  3  April  1967  relative  to  adapting  various  primary  armament 
syst«ns  to  the  M551  Vehicle. 


INTRODUCTION 


On  24  February  1967  Rock  Island  Arsenal  was  informed  of  an  urgent 
requirement  to  develop  a  back-up  primary  armament  for  the  M551  Vehicle. 
This  was  in  support  of  AWC  and  the  Sheridan  Shillelagh  project  manager. 

The  design  and  manufacture  of  the  test  hardware  was  accelerated.  Ma¬ 
terial  used  in  the  sleeve  was  made  from  scrapped  155mm  gun  tubes.  An 
all-out  effort  was  made  to  get  the  first  four  priority  systems  manufac¬ 
tured  and  test  fired  as  soon  as  possible  (See  Figure  1).  The  first  con¬ 
figuration  was  fired  11  March  1967.  It  consisted  of  an  XM103E7  105mm 
Cannon  with  an  adapter  sleeve  and  collar  made  to  fit  the  recoil  mechanism 
for  the  M81E12  Cannon  in  the  M551  Vehicle  (See  Figure  2).  The  second 
configuration  was  fired  March  20  and  21.  This  was  the  M32  76mm  Cannon 
mounted  in  the  M76  recoil  mechanism  which  was  adapted  to  fit  the  ballistic 
shield  of  the  M551  Vehicle  (See  Figure  3).  The  coaxial  M73  machine  gun 
was  also  adapted  to  this  system  and  was  successfully  fired  (See  Figure  4). 
The  third  configuration  was  fired  24  March.  This  system  consisted  of  an 
M32  76mm  Cannon  adapted  to  the  mount  for  the  M81E12  Cannon  (See  Figures 
5,  6,  7,  and  8).  The  fourth  system  was  the  XM180  105mm  Cannon  mounted 
in  the  recoil  mechanism  for  the  M81E12  Cannon.  This  system  had  a  semi¬ 
automatic  breech  actuating  mechanism  and  coaxial  mount  for  the  M73 
machine  gun  (See  Figures  9,  10,  11,  and  12). 


Figure  2 

M103  Cannon  Adapted  to  M81  Mount 


Figure  * 

M76  Mount  £  Cannon  With  M551  Ballistic  ! 

Machine  Gun  With  Brass  Catcher 


Shield  6  M73 
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Figure  5 


Collar  £  Sleeve  Adapter  For  The  76mm,  M32  Cannon 
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Figure  6 

Adapter  &  Collar  To  Mate  M32  Cannon  With  M551  Vehicle 


Figure  7 

76mm,  M32  Cannon  Mounted  Into  The  Gun  Mount 
For  The  M81E12  Cannon 
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Figure  8 

Breech  Block  For  M3 2  Cannon 
Modified  To  Clear  The  Mount  Far  The  M81E12 


Figure  9 

Breech  Operating  Cam,  Cam  Bracket,  6  Buffer  Setup 
Used  With  The  XM180  Cannon 
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Although  all  systems  fired  as  expected,  there  will  be  some  changes 
required  before  any  of  them  could  be  used  in  a  tactical  situation  (See 
Problem  Areas  &  Solutions  in  later  paragraphs).  This  report  reviews  the 
test  data  and  makes  recommendations  based  on  evaluations  of  this  data. 

Several  gun  systems  were  considered  as  candidates  for  alternate 
armament  far  the  XM551.  These  were  narrowed  down  to  76mm  and  105mm 
cannons.  These  were  further  subdivided  into  either  manual  breech  open¬ 
ing  or  semi-automatic  breech  operation.  The  four  systems  and  some 
other  systems  considered  plus  supporting  activities  are  tabulated  as 
follows} 

1.  Mount  the  105mm  Cannon  from  the  M108  Vehicle  in  the  M551 
Vehicle,  (Dismissed  by  AWC  before  designs  were  started  because  the 
breech  cam  on  the  right  hand  side  did  not  fit  in  the  space). 

2.  Mount  M103  or  M137E1  105mm  Cannon  in  M551  (See  Figure  13). 

(This  was  the  first  unit  completed.  It  was  fired  11  March  1967  using 
an  XM103E7  Cannon  that  was  available  at  RIA). 

3.  Mount  the  76mm  M32  Cannon  from  the  M41  Tank  in  the  M551 
Vehicle  (See  Figure  14), 


Figure  14 

M32  76mm  Cannon  In  M551  Vehicle 
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4.  Vary  simple  kits  have  baan  dasignad  by  Rock  Island  Arsanal 
to  modify  existing  152mo  ammunition  racks  to  racaiva  aithar  105mm  or 
76mm  rounds  in  tha  M551  Vabicla  depending  upon  which  gun  is  used. 

This  system  is  reversible  in  that  tha  original  hardware  can  be  re¬ 
placed  and  tha  ammo  racks  are  in  servicable  condition  for  the  152mm 
rounds.  This  plan  is  not  too  desirable  as  a  limited  amount  of  ammu¬ 
nition  can  be  carried.  Twenty-three  rounds  of  105mm  ammo  was  the 
maximum  practical  with  the  kit  system. 

Other  plans  were  devised  so  that  the  maximum  amount  of 
anraunition  could  be  carried.  There  would  be  no  problem  getting  fifty 
rounds  of  105mm  in  the  vehicle.  These  plans  required  that  same  of 
the  welded-in  brackets  be  cut  out  and  replaced  with  the  new  hardware. 

This  system  would  be  better  if  it  were  decided  that  the  vehicle  would 
not  be  reconverted  to  the  152mm  raoks  again. 

Drawings  are  available  of  the  designs  studied  by  Rock  Island 

Arsenal. 

5.  Checked  to  see  if  the  turret  on  the  M41  Tank  could  be  mounted 
on  the  M551  Vehicle.  (Little  time  was  spent  on  this  before  it  was 
decided  that  Allison  Division  of  General  Motors  Corporation  had 
studied  this  portion  of  the  program).  Compare  Figures  15  and  16. 

6.  Made  computer  analysis  of  each  configuration  that  was  fired 
plus  several  others  that  could  be  considered  candidate  systems.  (See 
Appendix  A). 

7.  Complete  calculations  were  made  on  all  systems  that  were  fired, 
plus  several  other  candidate  systems.  (Results  will  be  summarized  in 
Appendix  B). 

8.  Supplied  Watervliet  Arsenal  with  data  frem  the  computer 
studies  which  applied  to  Watervliet  activities. 

9.  Besides  testing,  the  Project  Manager  and  AWC  were  supported 
by  several  trips  by  RIA  personnel  for  report  briefings. 

10.  Photographio  and  written  documentation  was  made  of  all  acti¬ 
vities  at  RIA  on  this  project.  (See  references  and  appendices). 
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Figure  15 

M41  Tank,  Front  View 


Figure  16 

M76  Mount  6  Cannon  On  M551  Vehicle 


(Rear  View  With  Turret  Turned  90°) 
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PROCEDURE 


1.  The  hardware  fired  11  March  1967  consisted  of  the  following: 
(See  Figure  17).  An  adapter  sleeve  was  used  to  mate  the  existing 
gun  to  the  recoil  mechanism  for  the  M81E12  Gun.  A  rifling  reaction 
torque  key  bracket ,  buffer  bracket,  firing  mechanism  and  locking  de¬ 
vices  were  a  part  of  this  system.  The  manufacture  of  test  hardware 
was  expedited  by  close  coordination  between  the  engineers  and  the  pro¬ 
totype  shop.  Many  parts  were  made  from  sketches  before  there  was  time 
to  make  drawings.  Component  drawings  are  included  on  sketch  RIA 
137132  (See  Appendix  E).  The  assembly  drawing  was  RIA  137155.  It 
included  the  adapter  sleeve,  the  collar,  and  the  torque  key  bracket 
as  major  parts.  Minor  parts  were  the  triggering  mechanism,  locking 
rings,  keys,  screws,  breech  operating  lug  and  wrench  to  fit,  buffer 
bracket,  etc.  Although  155mm  gun  barrel  stock  was  being  roughed  out 
before  drawings  were  released,  it  would  not  be  safe  to  fire  without 
verifying  the  integrity  of  the  material  before  it  was  used.  Test 
samples  were  sent  to  the  laboratory,  and  on  3  March  a  report  was  re¬ 
ceived  showing  that  the  material  was  adequate.  By  this  time  a  com¬ 
plete  stress  analysis  had  been  completed  on  all  components  in  the 
system. 


Figure  17 

M103E7  105mm  Cannon  In  M551  Vehicle 
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2.  The  hardware  fired  on  20  -  21  March  1967  consisted  of  the 
M3 2  76mm  Cannon  mounted  in  the  M76  combination  mount  taken  from  an 
M41  Tank  (See  Figure  18).  The  assembly  drawing  was  Gun  Combination 
Mour.t  -  67F738.  An  Adapter  (65F655),  a  Link  Assembly  (67D716)  for 
elevation  and  a  Bracket  (67C740)  to  hold  the  standard  M73  Machine 
Gun  Mount  (K10941850),  were  the  major  components.  Besides  keys, 
screws,  and  other  small  parts,  an  electrical  firing  box  and  cable 
were  manufactured  for  firing  the  system.  See  Figures  19  and  20, 

A  ballistic  shield  and  dist  cover  (RIA  137167)  was  designed  for 
this  system  but  not  manufactured.  (See  Appendix  E). 


Figure  19 

M76  Mount  6  Cannon  In  MS 51  Shield 
Showing  Adapter  &  Elevating  Link 
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Figure  20 

M76  Mount  Showing  M73  Machine  Gun  Mount 


3.  The  hardware  fired  on  24  March  was  the  M3  2  76mm  Cannon 
adapted  to  the  mount  for  the  M81E12  Cannon  (See  Figures  21 ,  22,  and 
23).  This  system  required  that  a  corner  be  machined  from  the  breech 
ring  so  that  the  block  would  clear  the  rifling  reaction  torque  key 
bracket  on  the  mount  in  the  M551.  The  Adapter  Assembly  (RIA  137152) 
included  Collar  (67F741),  Adapter  (67K658),  two  Keys  (67B711), 
Collar  (67F671),  Key  (67B746),  Breech  Ring  Modification  (67C719), 
Buffer  Bracket  Assembly  (67C734),  Nut  (67B735),  Bushing  (67B1021), 
Firing  Plunger  Assembly  (67B789),  and  various  other  small  parts  such 
as  screws,  keys,  locks,  etc. 
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Figure  21 

76mm,  M32  Cannon  In  Mount  For  M81E12  Gun 


Figure  22 

M3 2  Cannon  Ready  For  Mounting  Into  The  M551  Vehicle 


Figure  23 

M3  2  Cannon  Mounted  In  Recoil  Mechanism 
For  The  M81E12  Cannon 
13 
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4.  The  hardware  fired  on  1  and  3  April  1967  was  the  105mm  XM180 
Cannon  furnished  by  Watervliet  Arsenal  with  the  breech  operating  handle 
modified  by  Rock  Island  Arsenal  so  that  it  would  clear  the  breech 
actuating  cam  (See  Figures  24,  25,  26,  and  27).  The  XM180  Adapter 
Assembly  (67F885)  consisted  of  Adapter  (67D768),  Collar  (67D791),  Plate 
(67C1030),  Wiper  (67C881),  Retainer  (67C880),  Collar  Assembly  (67D808), 
Bracket  Assembly  (67F912),  Pin  (67B998),  Lever  Assembly  (67F1026),  Cam 
Assembly  (67D934)  (See  Figure  28),  Stop  Assembly  (67C1017),  Retainer 
(67A1028) ,  Key  (67A882),  and  assorted  screws  and  triggering  hardware. 


Figure  25 

Breech  Block  Harked  For  Velocity  Of  Motion 
Due  To  Cam  Action 


l 
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Figure  26 

XM180  Cannon  In  Adapter  6  Collar  With  Breech  Handle  Removed 


Figure  27 

XM18Q  Cannon  With  Adapter  6  Collar  For  M551  Vehicle 
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Figure  28 

Breech  Activating  Cam  For  XM180  Cannon 


SUPPORTING  WORK 

1.  Computer  programs  were  being  run  at  the  same  time  hardware 
was  being  designed  and  manufactured.  Basic  results  are  included  in 
this  report  as  Appendix  A.  A  technical  note  is  being  written  that 
contains  all  of  the  work  completed.  The  loads  due  to  the  internal 
ballistics  of  the  different  guns  and  ammunitions  fired  were  applied 
to  the  recoil  mechanisms  parameters  in  the  computer.  Instrumentation 
was  designed  using  the  results  of  the  computer  studies  for  each  con¬ 
figuration  fired.  The  recoil  and  counterrecoil  velocities  were  com¬ 
puted  so  that  energy  required  to  operate  the  breech  actuating  cam 
could  be  calculated.  The  breech  operating  cam  was  designed  based  on 
these  studies. 

The  computer  was  also  used  to  check  the  feasibility  of 
using  the  76mm  M32  Cannon  to  fire  a  105mm  round  after  modifying  the 
tube  and  breech.  The  M76  recoil  mechanism  would  work  well  in  this 
environment. 

An  Oscar  data  reduction  machine  was  used  to  reduce  instru¬ 
mentation  to  a  usable  form  A  summation  of  computer  results  and 
curves  made  from  computer  output  are  in  Appendix  A. 

2.  Instrumentation! 

Adapting  instrumentation  to  each  configuration  fired  was 
in  process  in  some  cases  even  before  all  of  the  hardware  was  completed. 
By  the  time  the  assemblies  were  ready  to  fire  at  the  proving  ground 
only  last  minute  checks  and  calibrations  were  required  before  the  tests 
started.  This  saved  much  valuable  time. 
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3*  Calculations: 


Strass  analysis,  weights,  and  centers  of  gravity  were  calculated 
on  components.  The  results  were  checked  with  the  actual  hardware  as  it 
was  completed.  Particular  attention  was  paid  to  the  unbalanced  tcrque  of 
an  entire  system ^in  the  actual  configuration  fired.  A  summation  of  the 
results  of  the  calculations  is  in  Appendix  B. 


PROBLEM  AREAS  AND  SOLUTIONS 


Other  than  problems  of  getting  forging  stock  on  such  short  notice, 
there  were  no  fabricating  problems.  Scrap  155mm  gun  tubes  were  used 
to  solve  the  forging  problem. 

The  major  problems  stem  from  the  limited  space  in  the  turret  and 
the  unbalance  of  the  systems  that  were  fired.  All  interferences  and 
unbalance  situations  were  measured  and  photographed.  A  resume  of  these 
conditions  follows: 

Figures  29,  30,  and  31  show  the  area  of  interference  between  the 
breeches  and  the  elevating  system. 


Figure  29 

Interference  at  259  Mils  Q.E., 

With  The  Breech  On  The  XM180  Cannon 
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figure  30 

Elevating  Link,  M551  Vehicle 


Figure  31 

Interference  of  Breech  on  XH103E7  Cannon  With 
Elevating  Mechanism  Housing 


The  different  configurations  elevated  to  different  angles,  but  the  basic 
problem  was  the  same  (See  Appendix  B).  There  are  several  ways  to  solve 
this  interference  problem: 

1*  Move  the  breech  crank  bracket  two  inches  to  the  left.  The 
left  side  would  have  to  remain  in  the  same  location  so  the  breech  block 
spring  would  have  to  be  shortened. 

2.  Move  the  hole  forward  in  the  bracket  shown  in  Figure  30. 

This  would  move  the  whole  elevating  mechanism  forward  far  enough  to 
clear  the  breech.  This  reduces  the  lever  arm  but  with  a  balanced  sys¬ 
tem  this  should  be  no  problem. 

3.  Modify  the  elevating  mechanism  casting  so  that  it  clears. 

4.  A  combination  of  the  above  may  solve  the  problem. 

The  M73  machine  gun  can  be  used  with  all  four  systems  fired.  How¬ 
ever,  to  get  proper  elimination  of  the  spent  brass  and  links,  the  M73 
gun  was  turned  at  an  angle  of  forty-five  degrees  when  using  the  XM180 
gun.  In  this  position  the  catcher  bag  can  be  hung  below  the  gun  di¬ 
rectly  instead  of  the  chute  required  in  the  present  M551  configurations. 
No  problems  with  feeding,  firing,  or  servicing  were  encountered  in  this 
position.  When  mounting  the  M73  machine  gun  with  the  M76  mount,  a 
slight  angle  was  required  to  use  the  standard  chute  and  bag  for  the 
spent  brass  and  links  (See  Figure  4). 

The  longer  barrels  on  the  M32  and  M103  Cannons  will  interfer  with 
the  swimming  kit  on  the  vehicle  unless  the  gun  is  elevated  (See  Figures 
32,  33,  and  34).  No  attempt  was  made  to  determine  the  overall  balance 
of  these  systems  in  the  water  as  the  overall  floating  center  of  grav¬ 
ity  could  be  changed  by  many  factors  beyond  the  scope  of  the  primary 
armament  itself.  Even  though  the  primary  armament  is  unbalanced  a- 
round  its  own  trunnion,  the  vehicle  could  be  rebalanced  by  the  position 
of  the  ammunition  storage  and  other  considerations.  Pending  a  decision 
on  a  new  primary  armament,  this  determination  could  not  be  made. 


Figure  32 

M76  Mount  £  Cannon  In  M551  Vehicle,  Swim  Curtains  Up 
With  Cannon  Pointing  To  Rear  £  At  Max.  Q.E.  (219  Mils) 
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Figure  33 

M76  Mount  £  Cannon  In  M551  Vehicle, 

Half  Surfboard  Up  £  Cannon  at  34  Mils  Q.E. 


Figure  34 

M76  Mount  £  Cannon  In  M551  Vehicle 
ear  iew  Showing  Swim  Curtains  Up  £  Cannon  at  Max  Q.E.  (240  Mils) 


With  the  gun  resting  on  the  surfboard  as  shown  in  Figure  33,  the 
Q«Eo  was  34,1  nils.  With  the  gate  up,  the  Q.E,  was  211  mils.  At  the 
maximum  Q.E,  of  240  mils,  the  gun  barrel  cleared  the  surfboard  by 
eight  inches  (See  Figure  34). 

Seme  problems  were  encountered  with  the  recoil  mechanism  for  the 
M81E12  Cannon.  Instrumentation  indicated  a  fall-off  of  recoil  oil 
pressure  after  each  shot.  This  was  more  pronounced  while  firing  the 
TPM340E1  Projectile.  On  the  low  zones  of  the  105mm  it  was  not  apparent. 
Several  reasons  could  account  for  this  fall -off  of  pressure.  An  oil 
leak,  belleville  springs  taking  a  permanent  set,  or  excessive  friction 
in  the  piston  area  ahead  of  the  spring  pack  could  causa  reduced  pres¬ 
sure  under  firing  conditions.  Between  the  21  March  shoot  and  the  24 
March  shoot,  the  recoil  mechanism  was  checked  and  new  "0"  rings  were 
required  on  the  piston.  This  did  not  seem  to  be  the  total  problem, 
however,  because  on  the  24  March  and  1-3  April  shoots  the  pressure 
still  fell  off  after  each  round.  If  the  mechanism  was  precharged  to 
850  psi  between  each  round,  the  pressure  would  drop  to  approximately 
750  psi.  If  the  mechanism  was  fired  at  750  psi  prepressure,  it  seemed 
to  hold  there.  The  mechanism  was  not  tarn  down  after  the  firing  pro¬ 
gram  was  complete  so  the  reason  far  the  loss  of  pressure  was  not  de¬ 
termined,  The  system  being  fired  was  a  unit  with  an  older  style  piston 
ring  in  it  as  well  as  older  model  belleville  spring  packs.  As  the 
test  was  not  being  run  to  evaluate  the  existing  recoil  mechanism,  no 
further  evaluations  were  made. 

On  the  XM180  system,  the  breech  operating  cam  failed  to  operate 
the  mechanism  on  two  of  twelve  rounds.  Fast  ex  movies  of  the  area  in 
question  indicated  that  the  cam  waa  bouncing  during  operation.  On 
these  two  rounds,  the  cam  bounced  out  of  reach  of  the  crank,  A  stronger 
spring  and  a  buffer  on  the  cam  arm  would  solve  this  problem. 


HARDWARE 


The  following  hardware  was  assembled  at  Rock  Island  Arsenal  for 
this  five  week  program: 

1.  M108  Vehicle 

It  was  first  thought  that  the  gun  from  this  system  would 
be  adapted  to  the  M551,  We  used  the  breech  operating  cam  from  this 
vehicle  for  design  work  until  drawings  were  available, 

2,  Two  M41  Tanks 

The  guns  and  one  of  the  M76  recoil  mechanisms  were  used 
from  these  vehicles. 
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3.  M551  Vehicle  borrowed  from  AWC.  This  is  ths  vehicle  that 

all  ths  configurations  were  fired  from. 

4«  XM180  Cannon  furnished  by  Watervliet  Arsenal. 

5.  XM103E7  Cannon  available  at  RIA  from  the  XM104  program. 

6.  A  new  Shillelagh  Mount  from  the  production  line  at  RIA. 

It  Special  hardware  designed  and  built  far  this  program.  See 
parts  list  and  assembly  drawings  in  Appendix  E. 

8.  Special  brackets  for  adapting  instrumentation. 

9.  The  borrowed  hardware  was  reassembled  into  its  original  con¬ 
dition,  or  better,  and  returned  to  the  lenders. 

10.  All  other  hardware  was  inspected,  tagged,  and  stored.  It  is 
ready  far  immediate  use  if  a  decision  is  made  to  use  one  of  the  systems 
fired  during  this  program. 


» 
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RESULTS 


Four  hard war*  ays tans  w*ra  successfully  fired. 

With  slight  modifications  two  systems  could  be  made  to  work  well 
in  the  M551  Vehicle. 

Reduced  data  from  typical  firings  from  each  system  are  found  in 
Appendix  D. 

All  systems  per f canned  as  predicted  based  on  the  computer  studies. 

With  miner  refinements,  the  can  is  adequate  to  open  the  breech  on 
the  XM180  Cannon. 

Ammunition  racks  can  be  modified  to  accept  smaller  caliber  rounds 
by  kit  without  modifying  the  basic  vehiole. 

The  M73  maohine  gun  fires  satisfactorily  with  either  systems  that 
have  semi-automatic  breech  actions.  No  attempt  was  mad*  to  mount  the 
coaxial  M73  on  the  other  two  systans. 


CONCLUSIONS  &  RECOMMENDATIONS 


The  best  solution  of  the  systans  tested,  and  the  one  recommended 
for  use  if  a  105mm  cannon  ie  mounted  in  the  M551  Vehicle  is  the  XM180 
system  that  was  fired  1-3  April  1967. 

Although  a  kit  to  stow  105mm  and  76mm  anmunition  in  the  M551 
Vehiole  without  modifying  the  original  152mn  racks  is  possible,  the 
best  solution  is  to  remove  the  present  racks  and  replace  than  with 
new  racks.  This  makes  it  possible  to  carry  fifty  rounds  of  105mm 
ammunition  in  the  turret. 

A  spent  case  catcher  may  not  be  required  with  the  105mm  system. 

Worn  out  155mm  gun  tubes  make  adequate  forging  material  from 
which  to  machine  the  adapter  sleeves. 
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APPENDIX  A 


COMPUTER  RESULTS 


1*  Recoil  Mechanism  Study 


The  primary  purpose  of  the  computer  study  was  to  theoretically  pre¬ 
dict  the  dynamic  behavior  and  fluid  flow  reactions  of  the  M103  Cannon 
with  the  M551  Vehicle.  The  procedure  was  tog  (1)  derive  the  equations 
of  motion  (2)  compile  and  compute  the  necessary  input  data  and  (3) 
write  the  computer  program.  Then  a  number  of  computer  runs  were  made 
until  an  actual  M551  firing  record  was  analytically  matched  (See 
Graph  1).  This  was  done  by  varying  the  discharge  coefficient  from  run 
to  run  while  holding  all  other  parameters  constant.  Upon  determination 
of  the  correct  discharge  coefficient,  the  XM81E12  ballistics  were  re¬ 
placed  with  the  M103  ballistics  and  the  desired  run  made.  The  computer 
prediction  was  reasonably  close  to  the  test  firing  which  was  later 
conducted  (See  Graph  2), 

The  data,  computer  program,  and  derivation  of  the  equations  of 
motion  will  not  be  listed  here  but  published  later  in  a  technical  note. 
However,  the  equations  are  listed  below  in  their  final  form.  The  deri¬ 
vations  were  based  on  the  following  assumptions:  (1)  uni-directional 
flow  (2)  constant  friction  (3)  compressible  flow  and  (4)  constant 
discharge  coefficient. 


Mr  x  *  B(t )  +  P2  A2  +  WR  Sin«  -  ?1  Ax  -  Fr  (1) 


Ms  y  *  p2  a3  -  w8  slwi  -  Fs  -  *  (y  ♦  y8t>  (2) 
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Where 


x 


x 

B(t) 


Al»  A2  4  A3 
S 


(Pl>o 

<P2>o 


Mass  of  tbs  rscoiling  parts 

Rscoil  displacement 

Rscoiling  parts  vslocity 

Acoslsration  of  ths  rscoiling  parts 

Brssch  force-time  ourvs 

Weight  of  rscoiling  parts 

Angle  of  elevation 

Quids  and  seal  friction 

Mass  of  ths  belleville  spring  pack 

Spring  pack  displacement 

Velocity  of  the  spring  pack 

Acoslsration  of  the  spring  pack 

Weight,  of  the  spring 

Spring  friction 

Spring  rate 

Static  position  of  the  spring 
Orifice  area-displacement  curve 
Discharge  coefficient 
Effective  hulk  moduli  of  the  oil 
Volume  available  for  oil 
Effective  length  of  the  fluid  column 
Areas  as  shown  on  Figure  1 
Acceleration  of  gravity 
Density  of  the  oil 
Initial  pressure  on  P^ 

Initial  pressure  on  P2 
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2,  Can  Study 


Tha  count arracoil  tin*  and  motion  atudy  was  required  to  see  if 
there  was  enough  energy  stored  in  the  system  to  actuate  the  breech 
operations  through  a  cam.  The  cam  on  the  XM180  system  was  designed 
based  on  the  following  curves.  These  curves  are  the  result  of  a 
computer  study  using  the  equation  of  motion  which  follow.  Some  of 
the  input  parameters  were  taken  from  instrumented  data  from  the 
11  March  shoot. 


The  equation  of  motion  for  counterrecoil  in  its  final  farm: 


Where  AgS  PRB  is  equal  to  the  external  buffer  force 


The  buffer  force  comes  on  at  3  inches  out  of  battery. 
Graphs  3  and  4  are  the  results  of  the  counterrecoil  study. 
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APPENDIX  B 


SUMMATION  OF  CALCULATIONS 


Table  I  -  Tabulation  of  Systems 


System 

Weight 

(lbs) 

Unbalance 

(in-lbs) 

Type 

of 

Breech 

Bore 

Evacu- 

ator 

Muzzle 

Brake 

Date 

Fired 

M103E7  Cannon 
in  M551  Mount 

2750 

97  8  0 

Muzzle  Heavy 
(Measured) 

Manual 

No 

No 

11  Mar  67 

XM180  Cannon 
in  M551  Mount 

2769 

3700 

Muzzle  Heavy 
(Measured) 

Semi- 

Automatic 

No 

No 

1-3  Apr  67 

M3 2  Cannon 
in  M76  Mount 

2993 

13000 

Muzzle  Heavy 
(Measured) 

Semi- 

Automatic 

Yes 

Yes 

20-21  Mar  67 

M32  Cannon  & 
Mount  Modified 
to  105mm 

2673 

9890 

Breech 

Heavy 

Semi- 

Automatic 

Yes 

No 

Not  Fired 

M32  Cannon  i 
M76  Mount, 

Gun  Tube 

30  in.  shorter 

2683 

6660 

Muzzle 

Heavy 

Semi- 

Automatic 

Yes 

No 

Not  Fired 

M32  Cannon  in 
Mount  For  The 
M81E12  Cannon 

3097 

42,560 

Muzzle 

Heavy 

Manual 

Yes 

Yes 

24  Mar  67 

*M32  Cannon  in 
M551  Mount 

Gun  40  in.  sho 

2985 

rter 

14,280 

Muzzle 

Heavy 

Manual 

Yes 

No 

Not  Fired 

♦NOTE i  Cannon  alao  set  back  4.0  in.  farther  into  turret 
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For  th«  first  firing  (11  March  1967)  of  a  105mra  cannon  in  tha 
MS51  Vehicle,  tha  following  caaponants  vara  uaadt 

1.  M103E7  Cannon  -  had  threads  for  a  muzzle  brake  -  852  lb 
and  C«G.  was  38 » 8  in.  ahead  of  rear  face  of  tha  breach  ring. 

2.  Mount  for  the  M81E12  Ci'nnon  in  the  M551  Vehicle  -  experi¬ 
mental  unbalance  of  3230  in.  lb,  standard  Shillelagh  configuration. 

3.  Adapter  -  M103  Cannon  to  M551  Mount* 

After  these  parts  were  assembled  and  mounted  into  the  M551 
Vehicle,  the  total  unbalance  (in-lb)  around  the  trunnions  was 
found  by  setting  the  end  of  the  gun  tube  on  a  scale,  taking  this 
weight  and  multiplying  it  by  the  distance  to  the  £  of  the  trunnions. 
This  unbalance  was  9900  in.  lb. 

The  maximum  unbalance  limit  around  the  trunnions  was  6000  in.  lb. 
This  was  based  on  the  elevating  mechanism  limitations  and  was  quoted 
by  the  prime  contractor  for  the  system,  To  get  this  without  actually 
hanging  weights  on  the  breech,  it  was  decided  to  set  the  cannon  far¬ 
ther  back  in  the  recoil  mechanism,  which  amounts  to  bringing  the  C.G. 
of  the  cannon  closer  to  the  trunnions.  The  results  were  as  follows: 

1.  Breech  1  in.  behind  inner  recoil  sleeve  -  (First  model) 
Unbalance  *  9900  in,  lb, 

2.  *Breech  4  in,  back.  Unbalance  «  6058  in,  lb. 

3.  *Breech  6  in.  back.  Unbalance  *  3285  in.  lb. 

4.  *Breech  6,5  in.  back.  Unbalance  *  2690  in.  lb. 


When  the  first  mechanism  (M103E7  Cannon)  was  in  tha  turret 
it  was  ohecked  for  clearance  in  the  turret  and  elevation  inter¬ 
ference.  At  160  mils  Q.E.  the  crank  bracket  on  the  bottom  of 
the  breech  interfered  with  the  handwheel  elevation  housing. 
Clearance  for  full  elevation  was  actually  gained  by  jacking 
the  cannon  out  of  battery  until  the  crank  bracket  cleared  the 
elevation  housing. 


Cannon  (In, Out  Of  Battery)  Max.  Elev,  Obtained 


3  inches 
5  « 

5,5  " 


192  mils 

250 

323 


*N0TEs  Calculated  using  XM180  Cannon 


i 
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At  323  mils  ths  elevating  mechanism  itself  bottomed.  At  minimum 
Q.E.  (-73  mils)(over  back  of  vehicle)  for  5.5  in.  out  of  battery, 
there  was  5.0  inches  clearance  to  the  top  of  the  turret  from  the 
top  of  the  breech,  assuming  a  maximum  recoil  of  15  in.  Also  at 
this  distance  out  of  battery  there  was  suitable  room  left  for 
loading.  Since  the  cannon  was  already  set  one  in.  back  in  the 
recoil  sleeve,  it  was  decided  to  set  the  cannon  6.5  in.  (1.  +  5.5) 
back  in  the  recoil  sleeve  to  eliminate  all  clearance  problems, 
and  at  the  same  time  help  any  unbalance  problem. 

From  these  facts  the  system  fired  on  1  -  3  April  1967  was 
designed. 

XM180  Cannon  -  new  model  M103  Cannon,  no  muzzle  brake,  breech 
handle  and  cam  for  semi-automatic  breech  on  the  left  side,  weight  * 
890  lb,  C.6.  39.0  forward  of  the  rear  face  breech  ring.  Adapter 
weight  168  lb. 

After  the  XM180  Cannon  was  mounted  in  the  turret  of  the  M551 
Vehicle,  the  following  data  was  taken. 

ELEVATION  6  DEPRESSION 

1.  Cannon  to  Rear  Vehicle 

Maximum  elevation  164  mils  before  the  brackets  on  the 
bottom  of  breech  struck  handwheel  housing.  Maximum  depression 
-73  mils,  stopped  by  safety  stop  on  ballistic  shield. 

2.  Cannon  to  Front  Vehicle 

Maximum  elevation  same  as  to  the  rear  of  vehicle. 

Maximum  depression  -125  mils,  the  breech  handle  interferes  with 
the  top  of  the  turret.  If  the  handle  is  removed,  155  mils  de¬ 
pression  is  achieved. 

The  total  weight  of  the  assembly  around  the  trunnions,  in¬ 
cluding  machine  gun  (M73)  is  2769  lb.  The  measured  unbalance  is 
39  lb  Q  95  in  *  3700  in-lb  muzzle  heavy.  In  the  preliminary  study 
wt  *  2627  lb  and  unbalance  *  3980  in-lb  muzzle  heavy.  The  dif¬ 
ference  in  the  two  accounted  for  by  the  addition  of  a  machine 
gun  and  cam  and  mounting  braokets,  to  the  test  model,  which  were 
not  accounted  for  in  the  preliminary  calculations. 

A  study  was  also  made  to  determine  whether  or  not  there  was 
going  to  be  any  problems  with  brass  flying  around  inside  the  turret 
if  a  semi-automatic  breech  was  used.  This  was  done  by  putting  an 
empty  brass  case  in  the  cannon  and  manually  opening  the  breech  as 
fast  as  possible.  At  0°  Q.E,  the  brass  barely  came  out  of  the 
breech  far  enough  to  fall  clear.  At  higher  Q.E,  it  came  out  faster. 
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however,  it  could  be  caught  by  hand,  therefore,  no  built-in  catcher  was 
needed. 


On  the  N5S1  Vehicle  with  the  M81E12  Cannon  mounted,  the  assanbly 
around  the  trunnions  is  auszle  heavy  by  4800  in-lb.  The  total  assem¬ 
bly  weighs  2719  lb*,  therefore  the  C.G.  of  the  aechanian  is  « 


4800  in-lb 
2719  lb 


1.76 


In  front  of  the  trunnions.  It  is  desired  to  find  the  C.G.  of  every¬ 
thing  but  the  tube  and  breech  around  the  trunnions. 


A1  * 

TUbe  t  breech 

■  1.120  lb 

N 

IX 

28.9  in 

A2  * 

Rest  of  Ass. 

a  1600  lb 

*2  * 

? 

^ot 

■  2720  lb 

xTot 

*  31.7 

All  x  taken  from  the  breech  end  of  round. 

A!  *1  +  *2  *2 


‘Tot  B 


31.7  ■ 


A1  +  A2 


or 


1120(28.9)  +  1600  (x2) 


2720. 


x2  *  33.66  in.  from  the  breech  end  of  round 

or  3.8  in.  in  front  of  the  trunnions 

X2  is  the  X.G.  for  everything  but  the  tube  and  breech  around  the 
trunnions. 


The  weight  and  C.G.  of  the  adapter  and  collar  used  with  the  RIA 
137155  asseably  (See  Drawing  in  Appendix)  is  297.5  lb.  at  19.0  in. 
from  the  rear  of  the  adapter. 

The  weight  of  the  adapter  alone  is  260.2  lb  and  the  C.G.  is  21.6  in. 
measured  from  the  rear  of  the  adapter. 

It  is  desired  to  get  the  C.G.  of  the  M103E7  Cannon  and  adapter 
assembly  together. 
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=  Gun  tube  &  breech  =  852  lb  Actual  wt.  (exp) 

x^  3  38,8  in,  from  rear  of  breech  Actual  C,G.  (exp) 

A2  =  Adapter  &  collar  =  297,5  lb,  -  exp 

Xj  3  30,6  in.  in  front  of  back  side  of  breech 

x  ^  ^  A2  x  2 

-^t  s  +  ^ 


852,(38,8)  +  298(30.6) 

852  +  298 


=  36.68 


Therefore  for  the  components  to  be  added  to  the  system 


x  *  36,68  in.  in  front  of  the  rear  face  of  breech 

c 


1150  lb. 


30.*?  7h.u*i*no'i  ■  — » 
3.  »n,  7o  - 

<■-<0  Wr 


S.  K >1  T"o  AtMH'O  C 


36  .  6^  Cl  (S>  p 


It  is  now  desired  to  find  ths  C.G.  of  the  XM103E7  tubs  and 
breach  with  added  components  in  the  Shillelagh  Mount. 

AQ  =  added  pieces  *  1150  lb 

ST  =  36,7  in. 

G 

A2  3  1600  lb.  3  Shillelagh  Mount 


1150(36,7)  +  1600(34,7) 

x-  ■  .  ■ 11  3  35.54  in. 

1150  ♦  1600 

or  4,6  in,  lit  ront  of  the  trunnions 

This  gives  a  muzzle  heavy  unbalance  of 

4.6  in. (2750  lb)  #  12,650  in,  lb.  - - 

Experimental  data  s\ck'ed  that  theoretic?..!  unbalance  of  the  M551 
Mount  to  be  ^  2870  in-lb  too  ijreat  therefore  our  first  firing  un¬ 
balance  was  approximately  -  12650  -  2870  ■  97  80  in.  lb. 

The  4800  in,  lb.  figure  received  over  the  phone  from  Allison 
was  evidently  in  error.  These  discrepancies  can  be  expected  because 
of  the  speed  with  which  this  job  was  running. 

The  unbalance  of  the  Shillelagh  Mount  with  the  XM103E7  Cannon 
and  adapter  assembly  was  detarmined  experimentally  to  b  j  approximately 
101.  in,  in  front  of  the  trunnions.  The  unbalance  was  98.  lb.  This 
gives  a  total  unbalance  torque  of  T  3  101  in. (98  lb)  ■  9900  in-lb. 


WEIGHTS  6  C.G. *S  OF  ADDED  PARTS 

1.  Collar  i  Adapter 
^  =  298  lb. 


2 .  XM103E7  Cannon 

Aj  3  852  lb. 


3,  C.G,  of  Added  Parts 

298(30,7)  +  852(38.8)  42206.2 

o  - -  -  •  -  3  36.7  in. 

298  ♦  852  1150 


3  19,0  in.  from  end  adapter 


Xj  3  38.8  in.  from  rear  breech 
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* 

The  unbalance  torque  these  parts  contribute  to  the  system  is: 

(36,7  -  Dist  Trunnion  To  End  of  Breech)(1150  lb) 

(36.7  -  30.9)(1150)  =  6670  in.  lb. 

Therefore  the  unbalance  of  the  mount  alone  must  be 

9900  -  6670  *  3230.  in.  lb.  -*■ - 

As  compared  to 

(33.7  -  29.9)  (1600)  %  6100  in.  lb.  *♦ - 

Correction  for  Shillelagh  Mount  =  6100  -  3230  =  2870  in.  lb. 

« 

Calculations  for  the  XM180  System  which  was  fired  1-3  April  1967 


Adapter  A^ 


O.D. 

a  9.25-^  67,201 

Length  »  48.44  in. 

I.D. 

a  8.25  -*■  53,456 

13,745  in2 

Ax  ■  (.283) (13,75) (48. 4)  a  188.5  lb.  x  =  35.9 


Collar  A2 

Total  Weight  *  A2  »  124,7  lb.  x  =15.7 

i 

i 

\ 
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Nut  A 


O.D.  «  10.43  -—85.395 

55.917 


I.D.  *  8.44- 


29.478 


5?!  »  .375  from  left  end 

A2  O.D.  «  8.44  —  55.917 

I.D.  -  6.94-17,807 

18.110 

A2  «  (18. 110)  (7 .25)(.283)  ■  37.16 

x2  >  3.625 

(6.26)0375)  ♦  37.16(3.625) 

’‘Tot  "  37.16  ♦  6.26  1 

x2  *  62.3  In.  A2  *  43,4  lb. 

Gun  Tuba  £  Breach 

Wt  >  890  lb.  C.G.  39.0  in.  from  end  breech 

Weight  £  Total  C.G, 

(188.5)05.9)  +  (124,7  )(15,7 )  +  43.4(62.3)  +  890(39.0) 


137.05 

43.42 


*  3,16  from  left  side 


‘Tot 


188.5  +  124.7  +  43.4  ♦  890 


46138.76 

1246.6 


37.0  in. 


Total  Wt.  s  1246.6 


The  trunnions  are  36.4  in  from  the  rear  of  the  breech.  Unbalance  is 
therefore 

(37.0  -  36.4)(124  6,6)  ■  748.  in.  lb.  zz  750  in.  lb. 

The  unbalance  of  the  551  Mount  alone  is 
3230  in.  lb.  Muzzle  Heavy 
The  total  unbalance  of  the  system  is 
3230  ♦  750  3980  in.  lb. 
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Experimental  unbalance  was 

3700  in.  lb. 

Height  of  Recoiling  Partss 

Gun  Tube  £  Breech 

890.  lb. 

Adapter 

189. 

Collar 

125. 

Nut 

43. 

1/2  Ht.  Recoil  Spring 

28. 

Inner  Recoil  Sleeve 

183. 

Total  Wt  Racoillng  Parts  1458.  lb. 

This  was  naadad  for  tha  oomputar  studias 

Tha  following  parts  wara  used  to  make  up  tha  first  tast  rig  of  the 
M3 2  Cannon  and  M76  Mount  in  tha  M551  Vehicle. 

System  Component  Haights 


Recoil  Mechanism  £  Oil  292 .  lbs. 

Raplanisher  21 0 

Machine  Gun  w/Mount  £  Brass  Catcher  590 

Elevation  Link  25 0 

Lead  Haight  160 . 

Guards  129. 

Lead  Haight  in  Guards  144. 

Cannon  w/Muzzla  Brake  £  Bara  Evacuator  1337. 

Ballistic  Shield  548. 

Adapter  253. 

Instrumentation  £  Fasteners  25. 


Total  2993.  lbs. 


Tha  following  tests  were  conducted  to  determine  any  clearance 
problems  far  elevation,  depression,  and  loading. 

For  elevation  at  240.6  mils  the  bottom  nut  on  the  right  gunners 
guard  mount  interferes  with  the  elevation  handwheel  housing.  This  nut 
and  mount  can  easily  be  moved  back  to  clear .  The  mount  was  actually  re¬ 
moved  and  a  maximum  elevation  of  320  mils  (18°)  was  achieved.  Maximum  Q.E. 
far  the  Shillelagh  was  323  mils. 

At  minimum  Q.E.  the  replenirher  interfered  with  the  top  of  the  turret 
at  -7  mils.  If  it  was  moved  back  a  couple  of  inches  or  attached  to  the 
turret  full  depression  could  be  attained. 

The  minimum  clearance  for  loading  at  any  Q.E.  is  38.0  in.,  and  the 
round  is  34.0  in.  so  there  is  actually  4  in.  of  clearance. 
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The  problems  in  unbalance  were  also  founds  The  unbalance  around 
the  trunnions  was  taken  experimentally,  while  the  assembly  was  still 
in  the  turret  and  was  found  to  be  about  13,000  in,  lb,  This  figure 
is  including  all  the  ^ead  weight  added  for  counter-balance  ,  It  was 
noted  that  by  setting  the  cannon  approximately  2.0  in.  farther  back 
in  the  turret,  clearance  problems  for  elevation  and  depression  would 
be  eliminated  and  at  the  same  time  the  unbalance  around  the  trunnions 
would  be  reduced. 

The  amount  of  unbalance  gained  is  equal  to  the  total  weight 
minus  the  weight  of  the  ballistic  shield  and  the  adapter  times  the 
two  inches  moved  back  or  (2993  -  253  -  548) (2)  =  4384  in*  lb, 

gained „  The  unbalance  lefts  13,000  -  4384  •  8616  in,  lb0  (Muzzle 
Heavy ),  The  desired  unbalance  is  6000  in*  lb. 

It  doesn’t  seem  to  practicable  to  move  the  cannon  any  farther 
into  the  turret,  since  the  M76  ammunition  is  34 ,  0  in.  long,  and 
the  clearance  between  the  back  of  the  breech  and  the  turret  is  36.0 
in,  leaving  only  2  in,  clearance  for  loading, 

Another  possible  armament  for  the  M551  Vehicle  was  the  M32  Cannon 
cut  off  to  125,9  in,  and  bored  r*t  to  105mm,  and  set  in  the  M76  re¬ 
coil  mechanism. 


1.  Modified  M32 

Breech  Height  380,0  lb 
Gun  Tube  637.0 

Total  1017  0  lb- 

C,G  37.4  in.  forward  the  rear  face  of  the  breech  ring,  con¬ 
tributes  *3050  inrib  of  unbalance  around  the  trunnions  (breech  heavy), 

2,  M3 2  Cannon 


Breech  Height 
Gun  Tube 
Bore  Evacuator  6 
Muzzle  Brake 


338e 0  lb, 
952.0 

47  =  0 


Total 


1337 c0  lb. 


*C  G  61,6  in  forward  of  the  rear  face  of  breech  ring,  ''con¬ 
tributes  28,344  in- lb  of  unbalance  around  trunnions  (muzzle  heavy) 

The  unbalance  of  the  complete  M76  mount  (including  ballistic 
shield)  without  the  M76  Cannon  iss 


28,340  -  13,000  *  15,340  in-lb.  Breech  Heavy 

*Note»  All  based  on  the  M76  Mount  where  the  distance  from  the  rear 
face  breech  ring  to  trunnions  is  40,4  in, 
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Removing  the  lead  weights  added  for  balance  to  the  previous  M76 
system  203  lbt  0  8500  in -lb  leaves  a  lone  mount  with: 

15,340  -  8500  *  6840  in-lb.  (Breech  Heavy) 

of  unbalance. 

By  adding  in  the  unbalance  of  the  new  cannon: 

6840  +  3050  ■  9890  in-lb.  (Breech  Heavy) 

the  total  unbalance  of  the  new  system  is  found. 

Far  determining  any  clearance  problems  for  thie  system,  the 
notes  for  the  M32  Cannon  in  the  M76  Mount  are  to  be  used. 

The  9890  in-lb.  breech  heavy  condition  does  not  include  the  bore 
evacuatar  from  the  90ma  Cannon  which  would  bring  the  system  into  a 
balance  within  the  prescribed  limits. 

Another  possibility  considered  was  cutting  off  the  M32  Cannon  until 
it  balanced  correctly  about  the  trunnions  in  the  M551  Vehicle.  From  the 
calculations  in  the  back  of  this  section,  it  was  found  that  if  approx¬ 
imately  30.0  in.  of  the  gun  tube  was  cut  off,  it  would  have  an  unbalance 
of  66R0,  in-lb  muzzle  heavy. 

Inis  figure  is  for  the  M76  Mount  and  all  clearance  problems  will 
be  the  seme  as  those  for  the  M32  Cannon  in  the  M76  Mount.  This  figure 
is  very  good  since  it  does  not  include  any  attached  lead  weights.  Cut¬ 
ting  off  the  gun  tube  does  effect  such  things  as  muzzle  velooity,  over¬ 
pressure,  stability  of  projectile,  and  possible  excessive  erosion  at 
the  muzzle  end  of  the  gun  tube.  The  graph  on  the  following  page  shows 
the  relationship  of  the  travel  in  bare  to  the  muzzle  velocity  of  the 
M352A1  Projeatile  for  the  M32  Cannon, 

It  is  desired  to  cut  the  M3  2  gun  tube  off  to  make  it  balance  in 
the  trunnions  of  the  M76  Mount  in  the  M551  Vehicle.  The  balance  is 
desired  without  any  lead  weights.  The  unbalance  of  this  system  now 
is  13,000  in,  lb.  muzzle  heavy  (-0  with  added  lead  weights  on  the 
breech  side  of  the  trunnions. 


Wts  to  be 

removed  or  added 

Distance  from  trunnion 

Unbalance 

75.5  lb. 

Left  Ballast 

35.0 

+  2642.5 

65.5  lb. 

Right  Ballast 

48.0 

+  3144.0 

160.0  lb. 

Bottom 

20.0 

+  3200.0 

26,5  lb. 

Muzzle  Brake 

146.3 

-  3877,0 

20,5  lb. 

Bore  Evaluator 

134.4 

-  2755.2 

Weight  (on  or  off) 


to  Trunnion 


Unbalance 


C.G. 


32.4  lb. 
50.1  lb. 

20.5  lb. 


-  122,4  in.  -  3965.8 

-  137.3  in.  -  6878.7 

+  105.0  in.  ♦  2152.5 


Net  Gain  *  -8692,0 


New  Unbalance  *  15354.3  -  8692.0  »  6662.3  in-lb. 


The  component  parts  used  for  the  K32  Cannon  in  the  M551  Mount 

are: 

1,  M32  Cannon 


Breech  partly  modified  to  clear  torque  key  on  the  M551 
gunners  guard.  All  manual  breech,  wt  »  1305  lb.,  C.G.  61.7  in.  forward 
rear  face  of  breech  ring. 

2,  Mount  -  from  M551  Vehicle 

3.  Adapter  Assembly  -  M32  Cannon  to  M551  Mount. 

The  total  unbalance  of  all  these  components  assembled  into  the 
M551  Vehicle  was  taken  experimentally  around  the  trunnions  and  found 
to  be  42,560  in-lb.  No  attempt  to  balance  this  was  made,  since  it 
could  be  fired  this  way  by  locking  out  the  elevating  mechanism  and 
not  enough  lead  could  reasonably  be  added  and  yet  balance  it  correctly. 

While  in  the  turret  the  mechanism  was  checked  for  clearance  during 
elevation  and  depression.  At  +222  mils  the  bottom  of  the  breech  in¬ 
terfered  with  the  handwheel  elevation  housing.  By  moving  the  cannon 
back  in  the  mount  approximately  4  in.,  the  breech  could  be  made  to 
clear.  This  would  also  help  to  balance  the  mechanism  around  the 
trunnions  by  approximately:  4  in.  (1305  lb)  *  5220  in-lb.  Maximum 

depression  was  achieved  with  the  mechanism  as  it  was.  The  clearance 
between  the  rear  of  the  breech  and  the  turret  was  46.0  in. 

It  is  desired  to  cut  the  M76  gun  tube  off  approximately  40.0  in 
to  help  the  unbalance. 


n  *  22.15  D  s  4.79 

W.  a  ,2618h(D2  +  dD  *  d2)  .283 
A 

*  106.26  -  44,31 

»  61.95  lb. 


d  =  4.50 


Section  D 

Assume  O.D.  =  4,65  in. 

I.D.  *  3.0  in. 

WD  =  . 7854(4. 652  -  3 . 002 ) (17 . 85 ) ( . 283 ) 

=  50.08  lb. 

New  Unbalance: 


Muzzle  Brake 

26,5 

lb 

0 

154.2 

in 

4086.3 

Bore  Evacuator 

20.5 

lb 

0 

143.0 

in 

2931.5 

Part  B 

50,1 

lb 

0 

145.2 

in. 

7274.5 

Part  A 

62.0 

lb 

0 

125.2 

in. 

8764.0 

Unbalance  Gained:  23,056.3  in-lb. 


Unbalance  *  37340  -  23060  =  14,280  in-lb. 


This  mechanism  this  way  should  able  to  achieve  maximum  elevation 
and  depression.  There  is  approximately  42.0  in.  between  the  rear  face  of 
the  breech  and  the  turret.  Since  the  76mm  round  is  34,0  in.  there  is  enough 
room  to  load  and  possibly  enough  to  move  the  cannon  back  another  4,0  in. 
to  help  the  unbalance. 
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APPENDIX  C 


1,  T*st  Program  , 

The  following 
reference  purposes 

Number 

RIA-9310-CV-200-1 

RIA-9310-CV-200-2 

RIA-9310-CV-200-3 

RIA-9310-CV '200-4 


TEST  PROGRAM  REQUESTS  6 
TEST  6  EVALUATION  RANGE  REPORTS 


test  program  requests  are  included  for 


Title 


M103  Cannon  £  Recoil  Mechanism 
For  The  M81E12  Cannon 

M32  Cannon  In  M76  Recoil  Mechanism 

XM180  Cannon  With  Adapter  Assembly 
(67F885)  6  Recoil  Mechanism  For 
The  M81E1?  Cannon 

M32  Cannon  6  Recoil  Mechanism  rPr 
The  M81E12  Cannon 
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TEST  PROGRAM  REQUEST 

DATE: 

9  March  1957 

1.  MATERIAL  FOR  TEST: 

See  below 

2.  TEST  PROGRAM  REQUEST  NO. 

RIA-9310-CV-200-1 

3.  EX  ORDER  NO:  4.  TESTING  INSTALLATION: 

54710  T&E  Range,  Rock  Island  Arsenal 

1*  Material  for  Test? 

M103  Cannon  adapted  to  an  XM551  vehicle,,  The  adaptation  uses  the 
recoil  mechanism  for  the  M81E12  Cannon* 

3 «  Project  Authority; 

6#  Object  of  Development; 

To  obtain  instrumented  data  to  be  used  to  evaluate  the  characteristics 
of  the  recoil  mechanism  in  its  new  environment  ,  and  to  measure  counterrecoil 
forces  that  may  be  used  to  aotuate  a  semi-automatic  breech* 

7*  History? 

This  is  a  new  development* 

8*  Description  of  Equipment?  •* 

a*  HS51  Vehicle  with  Mount  for  M81E12  Cannon* 
b.  M103  Cannon  Auxiliary  Gun  Mount  (RIA  137155)* 
o0  Hand  operating  breech  handle  and  lock* 

do  XM103E7  Cannon  for  the  XM104  Vehicle*  (This  cannon  was  originally 
designed  for  the  XM104  vehicle)* 

e*  Photographic  equipment* 

f«  Instrumentation  equipment* 

g«  Zone  7  105mm  ammunition  with  the  Ml  Projectile  (Zones  3S  4e  5,  and  6 
for  warm-up  only* 

9*  Recommended  Test  Program? 

a*  Inspection*  Upon  receipt  of  the  vehicle  at  the  proving  ground,  the 
location  of  the  adapter  nut  and  its  locking  ring  should  be  noted. 

The  locking  ring  should  be  checked  after  each  round*  A  visual  in¬ 
spection  should  be  made  of  the  gun  and  recoil  system  between  each 
round* 

b«  Instrumentation  should  be  taken  on  all  rounds  including  the  warm-up 
rounds*  After  verification  of  seme  parameters,  some  of  the  in¬ 
strumentation  can  be  discontinued  on  later  rounds  at  the  discretion 
of  the  project  engineer  in  charge  from  9310-CV* 
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c.  The  recoil  mechanism  will  be  pumped  up  to  its  850  psi  by  gage  in¬ 
stead  of  using  the  safe-to-fire  indicator  only.  The  pressure  gage 
will  be  connected  with  a  quick  disconnect  and  removed  before  firing. 

d*  The  breech  operating  handle  must  be  removed  before  each  firing  and 
before  the  round  is  entered  into  the  chamber.  The  breech  block  must 
be  locked  in  position  before  firing.  This  is  a  manual  lock  positioned 
with  a  thumb  screw  on  the  right  side  of  the  breech  operating  mech¬ 
anism.  (This  is  a  test  rig  only  and  normal  proving  ground  safe  test¬ 
ing  procedures  apply). 

e.  The  lanyard  to  fire  the  gun  should  be  pulled  to  the  outside  of  the 
tank  and  fired  from  a  protected  position.  Ho  personnel  should  be 
in  an  exposed  position. 

Instrumentation! 

a.  Pull  camera  coverage.  Fastex  and  standard  movies  should  be  taken  in¬ 
side  the  turret  focused  on  the  recoil  mechanism  and  breech  from  the 
left  rear.  A  fastex  sequence  should  be  taken  of  an  empty  cartridge 
ejection  and  where  it  bounces  in  the  turret.  Sixteen  millimeter 
colored  movies  should  be  taken  of  the  whole  vehicle  during  firing. 
Still  shots  of  the  whole  instrumentation  complex  and  other  items 

may  be  required  during  the  test.  Adequate  film  should  be  available 
for  this  type  activity. 

b.  The  following  instrumentation  other  than  photographic  will  be 
required! 

(1)  Time  displacement  of  the  recoil  mechanism  through  fifteen  (15) 
inches  of  travel. 

(2)  Time  displacement  through  three  (3)  inches  of  buffer  travel. 

(3)  Time  displacement  through  one  (1)  inch  travel  of  the  belleville 
spring  pack. 

(4)  Acceleration  in  recoil  and  oounterrecoil  of  the  recoiling  parts, 
fracas  should  be  reducible  to  reooil  velocities. 

(5)  Oil  pressure  versus  time  from  two  (2)  locations.  One  gage 
should  be  connected  in  front  of  the  recoil  piston  and  one  at  the  rear  of 
the  mechanism.  Expected  pressures  are  from  the  850  psi  pressure  to  a 
maximum  of  2700  psi. 

(6)  Copper  gage  maximum  clumber  pressure. 

(7)  Muzzle  velocity. 
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TEST  PROGRAM  REQUEST 

DATE: 

1.  MATERIAL  FOR  TEST: 

2.  TEST  PROGRAM  REQUEST  NO. 

RIA-9310-CV-200-1 

3.  EX  ORDER  NO: 

4.  TESTING  INSTALLATION: 

(8)  The  above  instrumentation  nay  ba  altarad  or  delated  as  results 

from  the  first  firings  progress.  This  will  ba  at  the  discretion  of  the 

project  engineer  from  9310-CV, 

lie  firing  Sequence} 

a.  Four  instrumented  warm-up  rounds  will  be  fired  using  zones  3,  4, 

5  ^  and  6 . 

b0  At  least  three  (3)  rounds  of  zone  seven  (7)  ammunition  will  be  fired 
with  full  instrumentation.  Zf  seme  data  is  lost  during  this  se¬ 
quence  ,  additional  rounds  will  be  fired  so  that  recorded  data  will 
be  reproducible  for  three  rounds. 

12.  Precautions  in  Handling  and  Testing 8 

a.  The  usual  care  in  handling  and  testing  will  be  required. 

b.  Particular  attention  should  be  paid  to  laying  the  lanyard.  It 
should  not  be  connected  to  the  gun  until  the  area  has  been  cleared. 

c.  The  locking  ring  on  the  adapter  should  be  cheoked  between  each 
round.  A  trap  doer  in  the  dust  cover  can  be  opened  for  this  check. 

d.  Other  safety  requirements  may  be  required  by  the  firing  director  or 
the  safety  officer. 

13.  Remarks} 

14.  References! 

a.  DF  from  SWERI-RDD-CV-9310  dated  2  March  1967. 

b.  RIA  Sketch  Number  137155  and  associated  drawings. 

o.  TM's  and  drawings  on  the  M551  vehicle  and  the  M103  gun. 
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DATE: 


TEST  PROGRAM  REQUEST 


16  March  1967 


1.  MATERIAL  FOR  TEST: 

See  below 

2.  TEST  PROGRAM  REQUEST  NO. 

RIA-9310-CV-200-2 

3.  EX  ORDFR  NO: 

54710 

4.  TESTING  INSTALLATION: 

T6E  Range,  Rock  Island  Arsenal 

Matarial  for  Tasts 

76mmB  M32  Cannon  in  M76  Racoil  Mechanism  adapted  to  the  M551  Vehicle 
by  Adapter  67F655 0 

Project  Authority; 

Object  of  Developments 


To  obtain  instrumented  data  to  be  used  to  evaluate  the  characteristics 
of  the  M32  Cannon  in  the  M76  Recoil  Mechanism  in  its  new  environment ,  and 
to  measure  the  ejection  velocity  of  the  empty  case  as  it  is  ejected  semi- 
automatically  by  the  breech  operating  cam. 

History s 

This  is  a  new  development 0 
Description  of  Equipments 

a,  M551  Vehicle  with  an  M32  Cannon  mounted  in  the  M76  Recoil  Mechanism, 
The  recoil  mechanism  is  adapted  to  the  M551  ballistic  shield  by 
Adapter  65F655, 

b0  Shell  case  catcher  in  the  turret 0 
Co  Photographic  equipment, 
do  Instrumentation  equipment, 
e.  Ammunitions 

(1)  76mm,  M352A1 

(2)  76mm,  TPM  340 

(3)  7 o 62mm  machine  gun  ammunition 
fo  M73  Machine  Qun 

Recommended  Test  Programs 

a.  Inspections  Before  the  gun  is  fired,  clearances  must  be  checked 
in  ail  positions e  If  necessary,  gymnast icating  the  recoil  mechanism 
in  the  vehicle  may  be  required. 
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TEST  PROGRAM  REQUEST 

DATE: 

K  MATERIAL  FOR  TEST: 

2.  TEST  PROGRAM  REQUEST  NO. 

RIA-9310-CV-200-2 

3.  EX  ORDER  NO: 

4.  TESTING  INSTALLATION: 

b,  All  radio  and  othar  equipment  that  can  ba  damaged  by  flying  brass 
in  tha  turrat  must  ba  protaotad  by  padding  of  seme  sort, 

o.  An  anpty  oasa  oatohar  is  raquirad.  This  oan  ba  a  wira  fr  ana  work 
covered  by  oanvas  with  a  canvas  bag  on  tha  bottom.  Shall  a j action 
valocity  should  ba  maasurad.  This  could  ba  accomplishad  by  a  grid 
board  and  fastax  camara  looking  into  tha  turrat  through  a  hatch. 
Records  should  ba  mada  of  three  (3)  rounds  each  of  tha  M352A1 
and  TPM  340  rounds, 

d.  Instrumentation  should  ba  taken  on  all  rounds.  After  verification 
ef  soma  parameters,  soma  of  tha  instrumentation  oan  ba  discontinued 
on  later  rounds  at  tha  discretion  of  tha  project  engineer  from 
9310-CV. 

a.  Tha  lanyard  to  fire  tha  gun,  or  tha  wira  if  fired  electrically, 

should  ba  activated  from  a  remote  protected  position.  No  personnel 
should  ba  in  an  exposed  position, 

10.  Instrumentation i 

a.  Full  camara  ooverage,  Fastax  through  hatch  in  turrat  to  check 
valocity  of  the  ejected  shall  case.  Colored  movies  of  tha  overall 
vehicle  during  firing,  Fastax  for  two  (2)  rounds  each  of  the  M352A1 
and  TPM  340  rounds  aimed  at  the  dust  cover  on  the  ballistic  shield. 
Color  slides  and  8  x  10  stills  as  raquirad  for  recording  tha  set¬ 
ups  and  any  changes  that  may  oocur  during  tasting, 

b,  Tha  following  instrumentation  othar  than  photographic  will  ba 
required  s 

(1)  Recoil  valocity  versus  time, 

(2)  Muszla  valocity. 

(3)  Tima  displacsmant  of  recoil  and  counterrecoil  through  a 
maximum  of  twelve  (12)  inches, 

♦ 

(4)  Acceleration  of  recoiling  parts. 

(5)  Recoil  oil  pressure  versus  time  from  rear  of  recoil  mechanism.’ 

(6)  Vehicle  hop. 

(7)  The  above  inetrumentation  may  be  altered  or  deleted  as  re¬ 
sults  of  the  first  firings  progress.  This  action  will  be  at  the  dis¬ 
cretion  of  the  project  engineer  from  9310-CV, 
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TEST  PROGRAM  REQUEST 


1.  MATERIAL  FOR  TEST: 


3.  EX  ORDER  NO 


4.  TESTING  INSTALLATION: 


2.  TEST  PROGRAM  REQUEST  NO. 

RIA-9310-CV-200-2 


Firing  Sequences 

a,  Fira  six  (6)  rounds  of  M352A1  anmunition,  The  first  three  will  be 
considered  warm-up  rounds-,  but  instrumentation  is  still  required. 
Picatinny  Arsenal  has  been  asked  to  put  breech  force  pressure 
copper  gages  into  several  of  the  rounds  and  mark  them0  The  rounds 
with  gages  inside  should  be  used  for  the  warm-up  rounds .  Full 
charges  only  will  be  fired  because  this  is  fixed  ammunition  0 

b0  Additional  rounds  may  be  required  if  same  of  the  test  data  is  not 
satisfactoryo 

Co  Fire  six  (6)  rounds  of  TPM  340  mnmunition,  The  instrumentation 
should  be  made  on  the  quick  development  paper  and  the  last  three 
on  the  permanent  type, 

do  After  the  warm-up  rounds  have  been  fired  in  paragraph  11a  above, 
permanent  type  recording  paper  should  be  used0 

So  Additional  rounds  may  be  fired  as  needed  at  the  discretion  of  the 
project  engineer  from  9310-CV0 

fo  After  firings  of  the  main  armament  are  completed,  the  M73,  7 „ 62mm 
maohine  gun  should  be  fired  to  check  the  coaxial  mount 0  The 
rounds  will  be  fed  from  the  standard  M551  ready  round  storage 0 
The  M551  brass  catcher  will  be  used  with  the  new  mount  o  If  one- 
hundred  (100)  rounds  feeds  through  and  fires  sat isf actor illy, 
the  test  can  be  terminated.  If  they  will  not  feed  through  and 
fire  adequately,  a  determination  will  be  made  by  the  project 
engineer  from  9310-CV  for  a  continuation  of  the  test. 

Precaution  in  Handling  and  Testings 

a.  The  usual  care  in  handling  and  testing  will  be  required, 

b.  Particular  attention  should  be  paid  to  laying  the  firing  cable 
or  lanyard  to  a  protected  area  outside  the  vehicle, 

c.  The  safety  director  will  determine  whether  the  M73  machine  gun 
should  be  fired  from  inside  or  outside  the  vehicle, 

d«  Other  safety  measures  may  be  required  by  the  firing  director  or 
the  safety  director, 

e.  The  TPM  340  round  is  «i  tracer  round.  There  is  a  possibility 
of  fire  in  the  sand  pit.  Adequate  fire  fighting  apparatus 
should  be  available. 
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TEST  PROGRAM  REQUEST 

DATE: 

20  March  1967 

1.  MATERIAL  FOR  TEST: 

See  below 

2.  TEST  PROGRAM  REQUEST  NO. 

RIA-9310-CV-200-3 

3.  EX  ORDER  NO: 

54710 

4.  TESTING  INSTALLATION: 

T&E  Range,  Rock  Island  Arsenal 

Is  for  Test s 

105mm  Cannon  XM180  mountad  with  Adaptor  Assembly  67F885  in  the 
M81E12  recoil  mechanism  in  the  M551  vehicles 

3»  Project  Authority 8 

6#  Object  of  Developments 

To  obtain  instrumented  data  to  be  used  to  evaluate  the  characteristics 
of  the  XM180  Cannon  in  its  intended  environment,  check  empty  case  e- 
jection  velocity,  develop  a  breech  actuating  cam,  and  to  see  if  the  H73 
Machine  Gun  operates  satisfactorily  in  this  applications 

7s  History 8 

This  is  a  new  developments 

8,  Description  of  Equipments 

a0  An  M551  Vehicle  with  an  XM180,  105mm  Cannon  mounted  into  the  recoil 
mechanism  for  the  M81E12  Gun  by  Adapter  Assembly  67F885. 

b0  Empty  case  catcher  in  the  turrets 

Os  Photographic  equipments 

ds  Instrumentation  equipments 

f«  Ammunitions 

(1)  Zones  3,  4,  5,  and  6  warm-up  roundSs 

(2)  Zone  7  Ml  rounds. 

(3)  Equivalent  zone  7  rounds  using  disintegrating  projectiles 
for  high  angle  fire. 

(4)  7 o 62mm  machine  gun  ammunition. 

9,  Recommended  Test  Program  t 

a0  Inspections  Before  either  gun  is  fired,  clearances  must  be 

checked  around  the  guns  at  all  quadrant  elevations0  Fifteen  (15) 
inches  must  also  be  allowed  for  the  recoiling  mass  during  this 
checks  If  necessary,  setting  the  gun  out-of -battery  the  maximum 
distance  may  be  required  at  zero  prepressure  to  check  clearances 
at  full  recoils 
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TEST  PROGRAM  REQUEST 

DATE: 

1.  MATERIAL  FOR  TEST: 

2.  TEST  PROGRAM  REQUEST  NO. 

RIA-9310-CV-200-3 

3.  EX  ORDER  NO: 

4.  TESTING  INSTALLATION: 

b„  All  radio  and  othar  equipment  that  ean  ba  damaged  by  flying  brass 
in  tha  turrat  mist  ba  protactad  by  padding  of  soma  sort0  Otharwisa 
dalioata  aquipnant  oust  ba  removed  from  tha  turrat  0 

o«  An  ampty  oaaa  oatohar  ia  raquirado  This  can  ba  tha  ini  ona  that 
was  uaad  with  tha  tast  in  TPR  RIA-9310-CV-200-2, 

d,  Instrumantation  should  ba  takan  on  all  rounds,,  Aftar  verification 
of  soma  paraaatars  by  test,  soma  of  tha  instrumantation  can  ba 
discontinuad  on  latar  rounds  at  tha  discration  of  tha  projact 
anginaar  from  9310-CV, 

a»  Tha  lanyard  to  fira  tha  gun  should  ba  activatad  from  a  ramota 

protactad  position*  No  parsonnsl  should  ba  in  an  axposad  position* 

10,  Instrumantation  8 

a.  Full  camara  coverage,  Fastax  through  hatch  in  turrat  to  chack 
velocity  of  tha  ajactad  shall  oasa  on  sami -automatic  oparatad  braach 
firings  only,  Fastax  through  tha  hatch  of  M73  machina  gun  whila 

it  is  baing  firad,  Colorad  movies  of  tha  ovarall  vahicla  during 
firing,  Fastax  of  thraa  (3)  rounds  of  tha  aj  act  ion  of  tha  ampty 
casa  to  chaok  shall  velocity,  This  can  ba  takan  through  tha  hatch 
with  a  grid  board  undar  tha  abaal  opposita  of  tha  camera,  Tha 
distanca  from  tha  v*rid  board  to  tha  cantarlina  of  tha  shall  and 
to  tha  Ians  of  tha  camara  is  raquirad  for  accurata  measurement  of 
tha  shall  valocity.  Color  slidas  and  8  x  10  stills  ara  raquirad 
for  sat -ups  and  any  changas  that  may  occur  during  tasting, 

b,  Tha  following  instrumantation  othar  than  photographic  will  ba 
raquirad: 

(1)  Raooil  valocity  varsus  tima. 

(2)  Muzzla  valocity, 

(3)  Tima  displacamant  of  racoil  and  countarracoil  through  a 
maximum  of  fiftaan  (15)  inchas, 

(4)  Accalaration  of  racoiling  parts, 

(5)  Raooil  oil  prassura  varsus  tima  in  two  placas. 

(6)  Vahiola  hop, 

(7)  Tima  displacamant  of  buffer  travel. 
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TEST  PROGRAM  REQUEST 

DATE: 

1.  MATERIAL  FOR  TEST: 

2.  TEST  PROGRAM  REQUEST  NO. 
RIA-9310-CV-200-3 

1  EX  ORDER  NO: 

4.  TESTING  INSTALLATION: 

(8)  Tin*  displacement  of  the  belleville  spring  pack, 

(9)  Copper  ^age  maximum  chamber  pressure, 

(10)  The  above  instrumentation  may  be  altered  or  deleted  as  re¬ 
sults  from  the  first  firings  progress.  This  will  be  at  the  discretion 

of  the  project  engineer  from  9310-CV, 

11.  Firing  Sequence; 

a.  Fire  1,000  rounds  of  7,62mm  ammunition  through  the  M73  machine 
gun0  If  the  gun  malfunctions  other  than  a  simple  jam,  cease  fire 
but  record  all  causes  of  malfunctions  if  known.  (There  seems  to 
be  a  history  of  vibrations  of  tne  *un  in  this  mount  that  can 
cause  malfunctions.) 

b.  Four  (4)  instrumented  warm-up  rounds  will  be  fired  using  zones 
3,  4 |  5 |  and  6 , 

c.  At  least  three  (3)  rounds  of  zone  seven  (7)  ammunition  will  be 
fired  with  full  instrumentation.  If  some  data  is  lost  during 
this  sequence,  additional  rounds  will  be  fired  so  that  recorded 
data  will  statistically  be  valid  for  three  rounds, 

d»  The  rounds  in  paragraph  lib  and  c  above  will  be  fired  with  no  breech 
operating  can  attached.  After  the  cam  is  attached  the  same  firing 
sequence  will  be  repeated, 

e.  If  the  breech  cam  operates  the  breech  adequately  at  zero  Q.E., 
the  gun  should  be  fired  at  maximum  elevation  using  disintegrating 
projectiles.  Three  (3)  reproducible  rounds  should  be  fired  using 
fastex  film  aimed  at  the  breech  operating  cam  area.  Oil  pressure 
in  two  places  and  time  displacement  should  be  recorded  during 
the  high  elevation  rounds, 

f.  Additional  firings  may  be  required  based  on  the  data  acquired 
from  the  above  firings, 

12,  Precautions  in  Handling  and  Testing; 

a*  The  usual  cure  in  handling  and  testing  will  be  required. 

b.  Particular  attention  should  be  paid  to  laying  the  lanyard.  It 
should  not  be  connected  to  the  gun  until  the  area  has  been  deai 

c.  Other  safety  requirements  may  be  required  by  the  firing  director 
or  the  safety  officer. 
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TEST  PROGRAM  REQUEST 

DATE: 

1.  MATERIAL  FOR  TEST : 

2.  TEST  PROGRAM  REQUEST  NO. 
RIA-9310-CV-200-3 

3.  EX  ORDER  NO: 

4.  TESTING  INSTALLATION. 

13.  Remarks  s 

After  verifying  instrumented  date  by  the  rapid  developing  paper, 
permanent  type  paper  ahould  be  used  for  the  three  reproducible  rounds. 

14.  References 8 

a.  DF  from  SWERI-RDD-CV-9310  dated  2  March  1967. 

b.  Drawing  67F88S 

o.  TM°s  and  drawings  on  the  M551  vehiole  and  the  M103  series  gun 
inoluding  the  TM  on  the  M108  vehiole. 


■v 
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TEST  PROGRAM  REQUEST 

DATE: 

21  March  1967 

1.  MATERIAL  FOR  TEST: 

See  below 

2.  TEST  PROGRAM  REQUEST  NO. 
RIA-9310-CV-200-4 

4.  TESTING  INSTALLATION: 

TSE  Range,  Rock  Island  Arsenal 

1.  Material  for  Test! 

76fno,  M32  Cannon  mounted  in  tha  racoil  oaohanism  for  tha  H81E12 
gun  by  Adapter  67K658,  This  raachanism  is  adaptad  to  tha  M551  Vahicla. 

3.  Projact  Author itys 

6,  Ob j act  of  Developments 

To  obtain  instrumantad  data  to  ba  usad  to  avaluata  tha  charactaristics 
of  tha  racoil  machanism  in  its  naw  anvironmanto 

7  o  History; 

This  is  a  new  development , 

8.  Description  of  Equipment; 

a,  M551  Vahicla  with  Mount  far  the  M81E12  Cannon, 

b,  M3 2  Cannon  modified  by  cutting  clearance  on  tha  upper  right  hand 
of  tha  breach  block, 

a.  Hand  operated  breach  handle  and  lock, 
d.  Adapter  assembly  RIA  137152, 
o0  Photographic  equipment, 

f.  Instrumentation  equipment, 

g,  76nrnc  M352A1  ammunition, 

h0  76mm,  TPM  340  ammunition, 

9,  Recommended  Test  Program; 

a.  Inspections  Upon  receipt  of  the  vahicla  at  the  proving  ground, 
the  adapter  nut  lock  should  be  ohacked.  This  lock  should  ba 
checked  after  each  of  the  first  three  rounds  as  they  are  fired. 

If  no  change  in  position  is  noted  after  the  first  three  rounds, 
no  further  cheeks  will  be  required. 


b.  Instrumentation  should  be  taken  on  all  rounds 


DATE 


TEST  PROGRAM  REQUEST 

1.  MATERIAL  FOR  TEST: 

2.  TEST  PROGRAM  REQUEST  NO. 
RIA-9310-CV-200-4 

3.  EX  ORDER  NOt 

4.  TESTING  INSTALLATION! 

Si  The  recoil  mechanism  will  bo  pumped  up  to  its  850  pei  pressure  by 
gage  insteed  of  using  the  aafe-to-fire  indicator  only.  The  preesure 
gage  will  be  oonneoted  with  a  quick  disconnect  and  removed  before 
firing. 

d»  The  breech  operating  handle  must  be  removed  before  eaoh  firing  and 
before  a  round  is  entered  into  the  chamber. 

e.  The  lanyard  to  fire  the  gun  should  be  pullied  to  the  out  aide  of 
the  tank  and  fired  ft* cm  a  protected  poeition.  No  personnel  ahould 
be  in  an  exposed  position. 

10.  Instrumentation  i 

a.  Full  oamera  coverage.  Feet  ex  coverage  is  required  on  the  first 
three  rounds  only.  The  camera  should  be  focused  on  the  breech  area 
through  a  turret  hateh.  Sixteen  millimeter  colored  movies  should 
be  taken  of  the  whole  vehiole  during  firing.  Still  ehots  of  the 
whole  instrumentation  complex  end  other  items  may  be  required 
during  the  test. 

b.  The  following  instrumentation  other  than  photographic  will  be 
required: 

(1)  Time  displacement  of  the  recoil  mechanism  through  15  inches 
of  travel. 

(2)  Time  displacement  through  one  (1)  inch  travel  of  the  belleville 
epring  peak. 

(3)  Acceleration  in  recoil  and  counterrecoil  of  the  recoiling  parts. 

(4)  Recoil  velocity  versus  time. 

(5)  Recoil  oil  pressure  versus  time  from  two  (2)  locations. 

(6)  Copper  gage  maximum  chamber  pressure  on  the  first  two  rounds 

only. 

(7)  Muzzle  velocity. 

(8)  Vehiole  hop. 

(9)  The  above  instrumentation  may  be  altered  or  deleted  as  results 
from  the  first  firing  progress  at  the  discretion  of  the  project  engineer 
from  9310-CV, 


DATE: 


TEST  PROGRAM  REQUEST 


1.  MATERIAL  FOR  TEST: 


1  EX  ORDER  NO: 


2.  TEST  PROGRAM  REQUEST  NO. 
RIA-9310-CV-200-4 


4.  TESTING  INSTALLATION: 


11 6  Firing  Sequences 

«„  Fire  one  (1)  round  of  76ram,  M352A1  ammunition  with  chamber  pressure 
gage  inside. 

b.  Fire  two  (2)  rounds  without  gage. 

c.  The  fourth  round  should  have  pressure  gages  inside. 

do  The  above  rounds  will  be  fired  using  qui.^k  developing  paper  in 
the  recording  machine. 

e.  The  next  three  (3)  rounds  will  be  fired  using  a  permanent  type 
recording  paper. 

f o  Refirings  of  "e"  above  will  be  made  only  if  the  instrumented  data 

is  lost  on  some  rounds.  This  will  be  at  the  discretion  of  the 
project  engineer  from  9310-CV. 

g.  Fire  three  (3)  76mm  TPM  340  rounds  as  warm-up  with  instrumentation. 
If  these  rounds  are  fired  immediately  after  the  rounds  in  "e"  above, 
only  one  warm-up  round  will  be  required  using  quick  readout  paper. 

ho  Fire  thrfa  reproducible  rounds  of  TPM  340  ammunition. 

i0  The  above  is  the  total  requirement  unless  instrumented  data  is 

lost  on  same  rounds.  A  decision  to  fire  additional  rounds  will  be 
at  the  discretion  of  the  project  engineer  from  9310-CV. 

12.  Precautions  in  Handling  and  Testing! 

a.  The  usual  care  in  handling  and  testing  will  be  required. 

bo  Particular  attention  should  be  paid  to  laying  the  firing  lanyard. 

It  should  not  be  connected  to  the  gun  until  the  area  has  been 
cleared. 

c.  Other  safety  requirements  may  be  required  by  the  firing  director 
or  the  safety  officer. 

13 o  Remarks  % 

The  TPM  340  round  is  a  tracer  round.  There  is  a  possibility  of 

fire  in  the  sand  pito  Adequate  fire  fighting  apparatus  should  be 

available. 

14 o  Reference  8 

a.  Assembly  drawing  RIA  137152, 

IM.iflaJt551.VahJLfil«n  _ 
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2.  Range  Reports 


Th*  following  tost  and 
far  rofaroneo  pur posts i 

Nusbor 

67-115 

67-144 

67-145 

67-151 

67-178 

67-194 


ovslustion  rsngo  reports  art  inoludtd 


Date 


11 

Mar 

67 

22 

Mar 

67 

22 

Mar 

67 

24 

Mar 

67 

3 

Apr 

67 

8 

Apr 

67 
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ROCK  ISLAND  ARSENAL 


TEST  AND  EVALUATION  RANGE  REPORT  NR.  67-115 


I0ATE  PREPARED: 

EX.  ORDER  NR: 

TEST  AUTHORIZED  BY/COST  CENTER/DATE: 

i  r*ri  rjinm  mi  \  i  itbhh 

54710-9003 

Memorandum/9310  CV/9  March  1967 

B 

M103  Cannon  adapted  to  an  XM551  vehicle.  The  adaption  uses  the  recoil  mechanism 
for  the  M81E12  Cannon. 

PURPOSE  OF  TEST: 

To  obtain  instrumented  data  to  be  used  to  evaluate  the  characteristics  of  the 
recoil  mechanism  in  its  new  environment,  and  to  measure  counterrecoil  forces 
that  may  be  used  to  actuate  a  semi-automatic  breech. 

FIXTURE  AMD/OR  MATERIEL  USED  IN  TEST: 

M551  Vehicle  with  Mount  for  M81E12  Cannon 
M103  Cannon  Auxiliary  Gun  Mount  (RIA  137155) 


AMMUNITION  COMPONENTS: 

Primer,  Percussion  M28E2  (300  Grain) 

Case,  Cartridge,  105mm  Howitzer  M-14 

Charge,  Propelling  M-67  Dualgran  Ammunition  Log  S.P.IA  -  61271 
MP  Lot  IA-BR-61371 
Projectile,  Inert  M-l  (33  lbs) 

TEST  PROCEDURES 

Test  Program  Request  No.  RIA-9310-CV-200-1  dated  9  March  1967 


TEST  DATA:  Date  of  Test:  11  March  1967 

Recuperator  Pressure  Direct  850  psi  @48°  Pin  in  fran  face  3/32 


Round 

No. 

Time 

Charge-Prop 
(Zone -Type) 

Recoil  Length 
(Inches) 

Chamber  Pressure 
(psi) 

1 

10:20 

3  -  M67 

9  1/4 

Not  Taken 

2 

10:38 

4  -  M67 

11  1/8 

Not  Taken 

3 

10:55 

5  -  M67 

13  1/4 

17,400 

4 

12:28 

6  -  M67 

14 

22,900 

5 

1:11 

7  -  M67 

14  5/8 

36,500 

6 

1:13 

7  -  M67 

14  5/8 

37,400 

7 

1:26 

7  -  M67 

14  5/8 

38,400 

8 

1:40 

7  -  M67 

14  5/8 

38,400 

This 

concluded  the  firing  of  this  test 

« 

per  Mr.  Rossmiller  of 

9310  CV. 

lest 

was  conducted  by: 

D.  J.  Somers 

Proof  Director: 

D.  H.  Harksen 

ROCK  ISLAND  ARSENAL 


TEST  AND  EVALUATION  RANGE  REPORT  NR.  67-144 


DATE  PREPARED: 

EX.  ORDER  NR: 

TEST  AUTHORIZED  BY/COST  CENTER/DATE: 

PABE 

OF 

22  March  1967 

54710-9003 

Memorandum/9310  CV/16  March  1967 

1 

2 

mAterIel'TESTED: - - - - - 

76  mm,  H32  Cannon  in  M76  Recoil  Mechanism  adapted  to  the  M551  Vehicle 
Adapter  67F655 
PURPOSE  OF  TEit: 

To  obtain  instrumented  data  to  be  used  to  evaluate  the  characteristics  of  the  H32 
Cannon  in  the  M76  Recoil  Mechanism  in  its  new  environment,  and  to  measure  the  e- 
jection  velocity  of  the  empty  case  as  it  is  ejected  semi-automatically  by  the  breech 

FIXTURE  AMD/Or  MATERIEL  USED  IN  TEST: 

76  mm,  M32  Cannon  in  M76  Recoil  Mechanism  adapted  to  the  M551  Vehicle  by 
Adapter  67F655 


AMMUNITION  COMPONENTS: 

Fixed  ammunition  76  mm.  M3S2  Lot  PA-E-55922 
Fixed  ammunition  76  mm.  M340A1  Lot  I.  0.  P.  2-6-X 


TEST  PROCEDURE: 

Test  Program  Request  No.  RIA-9310-CV-200-2  dated  16  March  1967 


TEST  DATA: 

Date  of  Test:  20  March  1967 

Round 

Recoil  Length 

Chamber  Press 

No 

Time 

(Inches) 

Type  Ammunition 

(psi) 

1 

3:32 

8  1/4 

M352 

32,600 

Date  of 

Test:  21  March  1967 

2 

9:57 

8  9/16 

M352 

Not  Taken 

3 

10:22 

8  9/16 

M352 

Not  Taken 

4 

10:29 

8  5/16 

M352 

Lost 

5 

10:40 

8  9/16 

M352 

Not  Taken 

6 

10:52 

8  9/16 

M352 

Not  Taken 

7 

11:00 

8  5/8 

M352 

Not  Taken 

8 

11:10 

8  5/8 

M340A1 

Not  Taken 

9 

12:38 

8  5/8 

M340A1 

Not  Taken 

10 

12:45 

8  5/8 

M340A1 

Not  Taken 

(Continued) 
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Round 

No. 

Tima 

Raeoil  Langth 
(Inchas) 

Typa  of  Annunition 

Chambar  Pr as sura 
(psi) 

11 

12t  57 

8  11/16 

M340A1 

Not  Taken 

12 

It  04 

8  5/8 

M340A1 

Not  Takan 

13 

It  12 

8  9/16 

M340A1 

Not  Takan 

Tast  conducted  by  j 

D.  J.  Sonars 

Proof  Dii'actor : 

D.  H.  Harksan 
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ROCK  ISLAND  ARSENAL 


TEST  AND  EVALUATION  RANGE  REPORT  NR.  67-145 


DATE  PREPARED: 

22  March  1967 

EX.  ORDER  MR: 

54710-9003 

TEST  AUTHORIZED  BY/C03T  CERTER/DATE: 

Manor andum/9310  CV/16  March  1967 

PAttE 

1 

5? - 

l 

NAtERiEL  TESTED: 

7,62  mm.  Machine  Gun  M-73  fired  from  M551  Vehicle 

r, 

f 

PURPOSE  OF  TEST: 

Function  fire  weapon 

FIXTURE  MO/OR  MATERIEL  USED  IH  TEST: 

7.62  nm.  Machine  Gun  M-73  Serial  #2041  Mfr.  Springfield  Armory 
Fired  from  M551  Vehicle 


ANMUMITIOM  COMPORERTS: 

Nato  7.62mm.,  Ball  M-80  Lot  L.C.L.  12367  linked 


TEST  PROCEDURE: 

Teat  Program  Request  No.  RIA-9310-CV-200-2  dated  16  March  1967, 


mrwT: 

Date  of  Test:  21  March  1967 

One  hundred  rounds  were  fired  at  4:33 

Date  of  Test:  22  March  1967 

Nine  hundred  rounds  were  fired  between  8:05  and  8:45. 

The  above  firings  were  fired  with  controlled  stoppages. 

Test  was  conducted  by:  C,  Calhoun 

Proof  Director:  D.  H.  Harksen  (DJS) 


rmr  F.rx  333-  1  (REV  NOV  *2) 


65 


ROCK  ISLAND  ARSENAL 


TEST  AND  EVALUATION  RANGE  REPORT  NR.  67-151 


MTE  PREPARED: 

EX.  OROCR  NR: 

TEST  AUTHORIZED  BY/COST  CENTER/ DATE: 

'jm 

24  March  1967' 

54710-9003 

Memorandum /9310  CV/21  March  1967 

n 

fl 

76  mm.,  M32  Cannon  mounted  In  the  recoil  mechanism  for  the  M81E12  gun  by 
Adapter  67K658.  This  mechanism  is  adapted  to  the  M551  Vehicle. 

PURPOSE  OF  TEST: 

To  obtain  instrumented  data  to  be  used  to  evaluate  the  characteristics  of  the 
recoil  mechanism  in  its  new  environment. 

FIXTURE  AND/OR  MATERIEL  USED  IN  TEST: 

76  mm.,  M32  Cannon  in  M76  Recoil  Mechanism  adapted  to  the  M551  Vehicle  by 
Adapter  67K658. 


AMMUNITION  COMPONENTS: 

Fixed  ammunition  76  mm.  M352  Lot  PA-E-55922 
Fixed  ammunition  76  mm.  M340A1  Lot  I.O.P.  2-6-X 


tkt  PROCEDURE: 

Test  Program  Request  No,  RIA-9310-CV-200-4,  dated  21  March  1967 


TEST  DATA:  Date  of  Test:  24  March  1967 

Round  Recoil  Length  Chamber  Pressure 


No. 

Time 

( Inches ) 

Type  Ammunition 

(psi) 

1 

11:08 

13  1/2 

M352 

Lost 

2 

1:14 

13  7/8 

M352 

Not  Taken 

3 

1:25 

14  1/4 

M352 

Not  Taken 

4 

1:32 

14  1/4 

M352 

31,300 

5 

1:41 

14  1/2 

M352 

Not  Taken 

6 

1:47 

14  1/2 

M352 

Not  Taken 

7 

1:55 

14  5/8 

M340A1 

Not  Taken 

8 

1:58 

14  11/16 

M340A1 

Not  Taken 

9 

2:05 

14  3/4 

M340A1 

Not  Taken 

10 

2:12 

14  7/8 

M340A1 

Not  Taken 

11 

2:23 

14  7/8 

M340A1 

Not  Taken 

12 

2:30 

14  7/8 

M340A1 

Not  Taken 

Test 

was  conducted  by:  D,  J, 

Somers 

Proof  Director: 

D.  H. 

Harksen  (WS) 
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ROCK  ISLAND  ARSENAL 


TEST  AND  EVALUATION  RANGE  REPORT  NR.  67-178 


DATE  PREPARED: 

EX.  ORDER  NR: 

TEST  AUTHORIZED  BV/C0ST  CENTER/DATE: 

rm 

3  April  1967 

54710-9003 

Memorandum/9310  CV/20  March  1967 

H 

m 

MATERIEL  TESTED:  ^ 

105  mm.  Cannon  XM180  mounted  with  Adapter  Assembly  67F885  in  the  M81E12 
Recoil  Mechanism  in  the  M551  Vehicle. 


PURPOSE  OF  TEST: 

To  obtain  instrumented  data  to  be  used  to  evaluate  the  characteristics  of  the  XM180 
Cannon  in  its  intended  environment,  check  empty  case  ejection  velocity,  develop  a 
breech  actuating  cam. _ _ _ 

FIXTURE  AND/OR  MATERIEL  USED  IN  TEST: 

M551  Vehicle  with  an  XM180,  105  mm.  Cannon  mounted  into  the  recoil  mechanism 
for  the  M81E12  Gun  by  Adapter  Assembly  67F885. 


AMMUNITION  COMPONENTS: 

Primer,  Percussion  I128B2  (300  Crain) 

Case,  Cartridge,  105  mm.  Howitzer  M-14 

Charge,  Propelling  M-67  Dualgran  Ammunition  Lot  S.P.  IA-61271 
MP  Lot  IA-BR-61371 
Projectile,  Inert  M-l  (33  lbs) 

Projectile,  Disintegrating  (S.S,  38  lbs) 

+ 

tE*T  PROCEDURE: 

Test  Program  Request  No.  RIA-9310-CV-200-3 ,  dated  20  March  1967 


TEST  DATA:  Dat#  of  Test:  1  April  1967 

Recuperator  Nitrogen  Pressure  Direct  850  psi  0  68°F. 


Round 

No. 

Time 

Charge-Prop 

(Zone-Type) 

Recoil  Length 
(Inches) 

Chamber  Pressure 
(psi) 

1 

1:37 

M-67  3 

11  1/4 

Not  Taken 

2 

1:47 

M-67  4 

12  5/8 

Not  Taken 

3 

1:55 

M-67  5 

13  5/8 

17,200 

4 

2:01 

M-67  6 

14  3/8 

24,400 

5 

2:08 

M-67  7 

14  3/4 

38,400 

6 

2:33 

M-67  7 

14  3/4 

Not  Taken 

7 

2:45  . 

M-67  7 

14  3/4 

Not  Taken 

8 

3:17 

M-67  5 

13  3/4 

Not  Taken 

Installed  automatic  breech  operating  cam. 


(Continued) 
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Round 

No. 

Time 

Charge-Prop 
(Zone -Type) 

Recoil  Length 
(Inches) 

Page  2  of  2 

Chamber  Pressure 
(psi) 

9 

3:24 

M-67  6 

14  3/8 

Not  Taken 

10 

3:31 

M-67  6 

14  3/8 

Not  Taken 

11 

3:33 

M-67  7 

14  5/8 

37,400 

Date  of  Test:  3  April  1967 
Recuperator  Nitrogen  Pressure  Direct 

850  psi  @  58°F, 

12 

8:37 

M-67  5 

13  1/4 

Not  Taken 

13 

8:50 

M-67  6 

13  3/4 

Not  Taken 

14 

10:00 

M-67  7 

13  7/8 

Not  Taken 

15 

10:15 

M-67  7 

14  7/8 

Not  Taken 

16 

10:39 

M-67  V 

14  7/8 

Not  Taken 

The  following  rounds  were  disintegrating  projectiles  fired  at  258  mils 
elevation. 


17 

12:42 

M-67  7 

14  1/8 

Not  Taken 

18 

12:53 

M-67  7 

14  7/8 

Not  Taken 

19 

1:04 

M-67  7 

14  7/8 

Not  Taken 

This  concluded  the  firing  of  this  test. 

Test  conducted  by:  D.J,  Somers 

Proof  Director:  D.  H.  Hark  sen  (DJS) 
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ROCK  ISLAND  ARSENAL 


TEST  AND  EVALUATION  RANGE  REPORT  NR.  67-194 


(DATE  PREPARED: 

EX.  ORDER  NR: 

TEST  AUTHORIZED  SY/C0ST  CENTER/DATE: 

PA0E 

54710-9003 

Memorandum/9310  CV/2G  March  1967 

1 

MATERIEL  tEittD: - - - 

7.62  gn.  Machine  Gun  M-73,  Serial  #2041,  Manufacture  Springfield  Armory. 
Fired  in  this  application  from  M551  Vehicle. 


PURPOSE  OF  TEST: 

To  determine  if  weapon  fires  satisfactorily  in  this  application. 

FIXTURE  AND/OR  MATERIEL  USED  II  TEST: 

7.62  inn.  Machine  Gun  M-73,  Serial  #2041,  Manufacture  Springfield  Armory. 
15 51  Vehicle 


AMMUNITION  COMPONENTS: 

!  Nato  7.62  ran.,  Ball  M-80  Lot  FC-1869 


TEST  PROCEDURE: 

Test  Program  Request  No.  RIA-9310-CV-200-3,  dated  20  March  1967 


TEST  DATA:  Date  of  Test:  3  April  19b7 

Weapon  mounted  45°  clockwise  from  normal  position  for  worst  feed  condition. 
Weapon  fired  with  one  hundred  round  belt  straight  through. 

Test  was  conducted  by:  J.  Gelvin 

Proof  Director!  D.  H.  Harksen  (DJS) 


(■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■BB ■■■■■■■■■■■■■■■■■■■■■■ 
(■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■B ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■! 
flflBBflBBBBBBBBBBBBBflflBflBBBBBflBBIBBBBBBBBflBBBBBBBBBIBKBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

BBB . . . . . . 

. . . 


IBBBBBBBBBBBBBBBBBBBBI 


|bbbbbbbbbbbbbbbbb^H 

IBBBBBBBBBBBBBBBBBBBBI 
IBBBBBBBBflBBBBBBaaBBBI 

I ■■■■■■■■■ ■■■■■■■■■■■  I 


ib ■■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■■■■■■■■■■■ 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB  aBBBBBBBBBBl 
BBBBBBBfBBBBBBBF^W* BBBBBBBBBBBBBBBBBBBBBBI 
BBBBBBb^BBBBBBBLa^ii  BBBBBBBBBBB  BBBBBBBBBBBI 
■  ■■■■■■■■  ■■■■■■■■■■  ■■■■■■■■■■?!■■■■■■■■■■■! 
■  BBBBBBBB  ■■■■■■■■■■  ■■■■■■■■■■!!■■■■■■■■■■■! 


!■■■■■■■ BBBBBBBBBBBI 
IBBBBBBB ■BBBBBBSPIb- 
■■■■■■■■■■■■■■■■■■»: 
IBBBBBBB BBBBBBBBBBBI 
IBBBBBBB BBBBBBBBBBBI 
IBBBBBBBBBBBBBBBaaai 


BBBBBBBBBBBBBBBBBBBBBBBBBBBFPBBBBBBBFVP1BBBBBBBB ■BBBaBBBaBBaBBBBBBBBBBBBBBBBaaBBBI 


IBBBBBBB BBB  I 
IBBBBBBBBBBI 


IL>.JJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB1 

^■■■HMHBMHMMaVBBBHBiBBBBBBBBBBBBBBB' 


. . . . . 


bbbbbbbbbbbbbbbi 


iBaaBaaaaaaaBBBBaaaaBBBBBBBBBBB 


BBBBBBBBBBBB  ■BBBBBBBBBBBBBBaB'iaaBI 
BBBBBBBBBBBBBBBBBBBBBBBBBBBB'jBBBBI 


I B BBB BBBBBBBBBBBB 
lIBBflBBBBBBBBBBBB 


IBBBBbblflBBBBBkk*^ 
■■■■■■■■ ■■■■■■■■■■ 


BBBBBBUl 
BBBBBBI  I 


IBBBBBBBBBBBBBBBBB JBBBBBBBI 
iBaaaBaaaaBaaBaBBoaBBBBBBBI 


■ 

■  i  all  III  I II II I II I II 

IBBBBBBB BBaBaaBBBBBBBBBBBBBaBaBBBBBBBBBBBBBBB' IBB BBBBBBBBBBBBBBBBBBBBflBBBBBBBBBBH 
IBBBBBBB  BBBBB^B^^BBBaBBnBBIB  BBB  BBBP^^BBBBBBBB  IBB  BBBBBBBBBBBB  BBBBBriBB  BBBBBBBBBBBB 
IBBBBBflaBBraaai4^BBBBBBIiBLiBBBflBBBhk*iBBBBBBB  IBBBBBBB  BBBBBBBBBBBB  BBB  BBBBBBBBBBBB 


IBBBBBBBHBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBIBBBBBBBBBBBBBBBBBrBBBBBBBBBBBBBPH 
IBB  ■■!!■■■■■■■  ■■■■■!•■■■■■■■■■■■■■■■■■■■■■  ■■■■■■■■■■■■■■■■■■'■■■■■■■■■■■PSaBBB 


Miixiimiiiaiiii 

■bbbbcbbbbbbbbi 

IBBBBBBBBTBBBBBBBBI 


IBB*  IBBBBBBBBBBIBB  BBBBBIBIBBBBBBBIBBBBIBBMBBBBaBB'^BaaBaaBB 
■BB^  ■  ■■■■■■■■■■■■■■■■■■■■  ■■■■■■■■■■■■■■■BfiBBBBBBPilBBBBBBBBBB 
IBB^'BBBB  BBBBBBBBBBBBBBBBB  BBB BBBBBBBBBB BBB  BBBBBBBBBBBB BBBBBBr 
IBBfFBBBBBBBBK  BBBBBBBBBBBB  BBBBaBBBBBaaBBB'iBBBB^.BBBBBBBBBBBP^B 


IBBBBBBBBBBBF  BBBCXBBBBBBBCBBf  BBBBBt’BB^B^BBBBBBI  BBBBBBBBBBBBBB  JBBBBBBBBBBBBBBraB.^BB 


I  ■■■■■■■■■  BBT  ■■■■■■■  BBBBB'  '■■■■■■  BBfe  ■■■■■■■■■■■■  BBBBBBBBBBBBBriBBB^BBBBBBBBBF*:^^a^H 
■■■■■■■■■■■■f ■■■■■■■  BBB  BBBBBBBBBBBI  I  BBBBBBBBBBBI  ■■■■■■■■■■■■■  BBP’ 4  ■■■■■■■  BBT  ^  BBBBBBB 
fBBBBaBBBBBBB^BaBBBBBaBBBBMBBBBaBaaaBBBBB  BBBBBBI  i  BBB  BBBBBBBBBriBr.BBBBBBBBBP9Jl^iBaBaflBB 
■  ■■■■■■■■■■■^■■■■■■■■■■■B  "BBBBBBBBBBBBBB  BBBBBBI  IBBBBBBBBBBBBB^BBBBBBBBBBBl*iBBBBBBBB 
IBBIBIBBBaiB'BBBBBBBBBBBBMBBBBIBflJHM|||||||||||||||||M|HMMMH«BBMMMM| 
I . .  . 

IBBBBBBBBBBBCai 

■  BBBBBBBBBBB'*  BBl*|l”BBiaBBaBBFBBBBBiBr*aIBBBBBIflBflBBaBBBVJBBflBflBBBFJ^flBBBBIIBIBaBB*l 
— — — — — ■Bfr^BBBBBt  Vrl 

|  - k  ..  *<*» 

t  - 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ill 

■  BBBBBBBBBBB 1 BBBBBBB  BBBBB-BBBBBBBB  'JBBBBB  BBBBI BBBBBBf BB BBBBBBB BP BBBBBBB ■■■■■■ ■■■■■■ 
■■■■■■i^H^HHBBHHIMMB|BaBIBB|B||||||H||||B|BBriaBaBBBBBBBBBB8BBflBfl 


■  ■■BflBBBBBBBaaBblbbB  BBBBBBBBIjBBBBB  J  BaaB BBBBBBI  BBBBBBBB'if  BBBBBB 


BBBBBBBBBBBBBBBBBBB  BBBBBBBBBBBBBB  nBBBBBBflBBBriBBBBBBBFiBriBBBBBBBBB^>BBBa|BU^-*»^~-^BBl 
BBBBBBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBB  >BBBBB  BBBBI'BBBBB  BBIBIBBBBB  BBBBf. BBBBBBBI  .  MX'l 
BBBBBBBBB  BBT  BBBBBBB  B  BBBBI  BBBBBBBB  BBBBBB  BBBBB  BBB  BBBB'iB'iBBBBBBBBf.B  BBB  BBBBBBBBBBBB  I 


IBBBBBBBBBflBrBBBBflBBBfllBBlBBBBBBBBMaBBSBBBBIlBBBflBB'iB'iBBBflB^^^^^HHHHHI 
IBBBBBBBBBBBTBBBBBBBBBBBB1BBBBBBBBBBBBBBBBBBIIBBBBBBBIBBBBBBBBJBBBBBBBBBBBBBBBBBBBB 


■BBBBBBBBBBB  .BBBBBBB IBBBBv BBB B BBBBBBI 
■  ■■■■■■■■■■■^■■■■■■■■■■■■^■■■■■■■■''■l 
IBBBBBBBBBBB  IBB*BI^BBBBBB  1  BBCIBBBB.*BI 
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DRAWINGS 


The  following  drawings  arc  Included  for  rafaronca  purposes: 


Drawing  No. 

Title 

RIA  137132  ( Shaat  1) 

Adapter 

RIA  137152 

Adapter  Assembly 

RIA  137155 

Ml 03  Cannon  Auxiliary  Gun  Mount 

RIA  137167 

Shield t  Oun 

67K658 

Adapter 

67F655 

Adapter 

67F738 

Gun  Combination  Mount 

67D768 

Adapter 

67F885 

XM180  Adapter  Assembly 

67F912 

Bracket  Assembly 

67D934 

Can  Assembly 

67F1026 

Lever  Assembly 
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